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answering the questio 


PREFACE 


Tms volume is the first of a series designed to include the 
basic principles of physics, chemistry, and biology. The 
authors aim at broadening the pupil's outlook by dealing with 
the elementary principles of these subjects, not only from the 
purely scientific standpoint, but also in their application to 
everyday things. In this way they hope that the study of 
science will exert à humanising influence on the pupil. Atthe 
same time they claim that in such a course one can train the 
pupil in scientific habits of thought. 

The present volume consists of an introductory course of 
physics and chemistry which should normally be taken at 
‘ages eleven to twelve. The authors have included some 
practical measurements, which they Believe to be essential to 
the laying of sure foundations of scientific knowledge. Where 
there is a mathematical laboratory, or where the same master 
teaches mathematics and science in the first year, it may be 
possible for this work to be done in the mathematical lesson. 


Certainly there must be close co-operation between the teachers 


of mathematics and science at this stage, so that the facts of 


mensuration discovered in the laboratory may be used in 
working examples. 
After performing the experiments, students are expected to 
write a clear connected account, with sketches where necessary, 
ns as they arise. - Disconnected notes 
The experiments in this volume have 
hings, with the exception of a 
nts, may be done by spring- 
will save valuable time which 


must be discouraged. 
been so arranged that all weigh 
few in demonstration experime 
balances of various sizes. This 

v 
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may more profitably be spent on the other parts of the 
syllabus. 

In this first-year course the authors have included very few 
numerical examples. These are collected at the end of the 
book. This has been done after careful consideration, because 
the work at this stage being largely experimental and the 
pupils young, easy oral examples should in the main suffice 
to emphasise the facts and principles learnt. 

The authors are indebted to many sources for certain of the 
illustrations, for which due acknowledgment is made in the 
text. They would also like to thank Mr R. Jeffery, M.A., of 
the Cedars School, Leighton Buzzard, and Mr B. M. Neville, 
B.Sc., of William Ellis School, London, for kindly reading the 
MS. and proofs, and for making many valuable suggestions. 
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GENERAL SCIENCE 
PART I 


CHAPTER I 
INTRODUCTION 


o 
Ler us try to imagine the world as it was about a hundred 
years ago. The streets of towns were very badly lit by 
candles and oil-lamps, the use of gas being quite a new feature. 
Electric light was unknown. There were no gas stoves or 
gas cookers, and all cooking had to be done by coal or wood 
stoves. The era of the train and omnibus had not yet begun. 
A journey from London to Bath, which now takes: about 
two hours by rail, and may be done in half an hour by a fast 
aeroplane, then took twelve hours by stage-coach. Readers of 
Tom Brown’s Schooldays will remember the description of the 
hardships of Tom Brown’s stage-coach journey from Islington 
to Rugby. At that time aeroplanes were only dreamt of, and 
such wonders as wireless and television were not even thought 
of. There were no great ocean liners driven by steam or oil, 
only sailing ships which took months to cross the Atlantic. 
Food brought from abroad often went bad on the way, for there 
were no ice chambers to keep the meat and fruits fresh as there 


are to-day. There are still a few people alive whose fathers 


fought at the battle of Waterloo, and these people have 
witnessed the gradual speeding-up of life by railway trains, 


^ 
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motor-cars, aeroplanes, and airships; they have witnessed 
the beginnings of wireless and of telephony, the marvels of 
X-rays, by which the interior of the body may be viewed 
and photographed. They have seen the enormous progress 
made by medical men in the combating of diseases. "Truly 
these achievements are as wonderful as any ancient fairy 
tale. What the next century will bring forth no one can 
tell. One thing, however, is certain, that science will continue 
to confer benefits on humanity by mastering nature's secrets. 
Ages ago man feared nature and thought that evil spirits 
dwelt in every stone and tree. He offered up sacrifices, often 
human sacrifices, to these imagined spirits. These times, 
happily, are now past, at any rate in civilised countries, and 
this is partly due to the march of science, which has enabled 
man to overcome his fear of the forces of nature and to bend 
them to his will. It should ever be remembered that Nature 
reveals her secrets to the patient thinker alone. Although man 
has still far to go in the realm of discesery, he has already gone 
far in the harnessing of the forces of nature and of putting 
them to his own use. 

This book is put into your hands in the hope that you may 
learn something of tue methods of the great discoverers, and 


feel, even in a small degree, the thrill of discovering things 
for yourself. 


THE BUNSEN BURNER, THE GAS FIRE, 
PRIMUS STOVES 


In your practical work in Science you will constantly be 
called upon to use a piece of apparatus called a Bunsen burner 
(see fig. 1 (a)). This burner was invented by a German 
scientist named Bunsen about 1855. The principles under- 
lying this burner are applied in the construction of gas fires 
and gas cookers, and the following experiments will enable 
you to understand how it acts. 
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l. Unscrew the chimney, turn on the gas and light it 
at the jet. Describe the appearance of the flame. 

2. Turn out the gas, replace the 
chimney, close the holes by turning 
the collar, turn on and light the gas. 
Is the flame anything like it was be- 
fore? If it gives light the flame is 
said to be luminous. 

3. Gradually open the holes. State 
what happens to the flame as 
you do this. Is the flame still 
luminous ? 

4. Which is the steadier, the 
luminous or the non - luminous 
flame ? 

5. If the holes are large enough 
the flame may “roar.” Try to make 
it silent and yet non-luminous. How 
is this done ? 

6. Again close the holes and hold 
a piece of porcelain over the flame  , qs, 1 (a) 
for a few seconds. What happens to The Bunsen burner 
the porcelain ? 

7. Clean the porcelain and repeat with the air-holes open. 
Does the porcelain keep clean ? Does this 
suggest to you a reason for the light of the 
luminous flame ? 

8. Hold a match-stick or a chip of wood 
across the flame for a second or two just 
above the chimney. What happens to it? 
Illustrate by a sketch. 

9. Quickly bring down on the non-lumin- 
ous flame a sheet of thick paper (ordinary 
drawing paper will do). As soon as it begins 
to char remove it and blow on it to cool 
it. If it catches fire put it on the floor 
and stamp on it, then try again. Draw its appearance after 
it has been in positions X and Y (fig. 1 (b)). 

10. Suddenly plunge a match head into the inner cone at Z 


Fie. 1 (b). 
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(fig. 1 (b). Take it out quickly as soon as the wood begins to 
char. What do you learn from this ? 

ll. Try to melt a piece of thin copper wire by holding it 
across the flame in various positions. By this means ascertain 
roughly the hottest part of the Bunsen flame. 
Mark this in a sketch of the flame. 

12. Hold a piece of glass tubing about 6 
to 8 in. long so that the lower end is at X 
(fig. 2) and the tube is inclined at about 45° 
to the vertical. Apply a match to the top 
end. What happens? Repeat with the lower 
end of the tube at Y. 

From these experiments you should be 
able to find out something about the inner 
cone and the outer cone. Try to express this in words. 

13. With the air-holes open wide 
turn off the gas slowly. What ee 
happens to the inner cone ? Repeat ^ B AC 
this experiment with the holes Asbestos 
closed. What difference do you Sheet 
observe ? 


14. Demonstration by Teacher— 
The apparatus shown in fig. 3 con- 4r burning 


Fic. 2. 


sists of a glass chimney fitted at FORSE 

its lower end with a bung through 

which two tubes A and D pass. A A Dar 
is open to the air and D is connected 1 D 

to the gas supply. A sheet of as- ^r 

bestos, B, with a hole in it is Fic. 3. 


placed over the top. First close the 
hole in B with the finger. Turn on the gas, and when you 
can smell it issuing from A apply a light there. Remove the 
finger from B and light the gas escaping there. The flame 
at A rises to C. As air is passing into the chimney through 
A it is evident that at C air is burning in coal-gas ; at B coal- 
gas is burning in air. 

This experiment shows that although one may talk of 
"lighting the gas," it is equally possible to “light the 
air.” It all depends on the surrounding atmosphere. The 


^ The Bunsen Burner 5 
important fact is that a mixture of air and gas is necessary 
before “ lighting ” is possible. 

15. When does a Bunsen Burner light back ?—Get a tin can 
with a lid which fits well, but which must not be pressed home 
too tightly (a 2-Ib. Lyle's syrup tin 
will do) Make holes in the lid and 
the base each about half an inch in 
diameter. Tether the lid to the body 
of the can by a piece of string, as 
shown in fig. 4. Now close the top 
hole with your finger, and through a 
rubber tube pass in gas at the lower 
hole until the can is full. Turn off 
the gas supply. Place the can on à 
tripod and apply a light to the hole Fra. 4. 
in the lid. The gas burns slowly. 

Watch the inner cone from a distance of a few feet. De- 
scribe wlfat happens. As the gas burned at the top, air 
entered below. In time the gas and air in ihe can were 
mixed in the right proportions to explode, with the results 
you observed. 2 

Try now with a Bunsen burner, lowering the flame and then 
gradually opening the air-holes. An explosion results, the 
flame travels down the tube and lights the gas at the jet. 
This is what happens when the burner “ lights back." 

If a Bunsen burner persists in lighting back how would you 
cure this fault ? 

16. Heat an iron knitting-needle in a non-luminous flame 
until it is dull-red-hot. Try to light the gas of another Bunsen 
burner with it. Try again when the needle is bright-red-hot. 
The experiments should be tried several times. Can the gas 
be lit with the needle only dull-red-hot ? 

The experiment shows that gas will not ignite unless the iron 
is at least red-hot. Nothing at a lower degree of heat (i.e. at a 
lower temperature) will do. The temperature at which the 
gas catches fire is called its ignition point. 

The ignition of a gas or vapour by the common flint and 
steel lighter is a simple application of this principle. 

17. Hold a piece of gauze an inch or so above a Bunsen 


Hole 


Lid tethered to Tin: 
by string 


Hole 


a 
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burner (fig. 5 (a)). Turn on the gas and light it above the 
gauze. Try to make the gas light below the gauze by lowering 
the latter until it is in contact with the burner. Does the gas 
below the gauze reach its ignition point 2 

Now light the burner and rapidly bring the gauze down or 


Fro. 5 (b). Fic. 6, 


to it and hold it an inch above the (s : 
burner (fig. 5 (b)). What happens? figs QR 
Does the gas light above the burner at t 


(m ill 
ri ri 
once ? ze 


These experiments emphasise the Sus foris pn jn (Une 
; fin & Tatlock) 
fact that gas will not burn below the 
temperature of red-hot iron. They also show once again the 
ease with which a piece of gauze prevents the gas from 
reaching its ignition point. 

18. Bend a piece of iron wire gauze of fine mesh so that 
it fits over the chimney of the Bunsen burner (fig. 6). Light 
the gas above the gauze. Open the holes as far as possible 
and turn the gas down gently. Does the gas now light back ? 
The gauze robs the flame of its heat so rapidly that the gas 
below cannot reach its ignition point. 

Special Bunsen burners are now made in which the mixture 
of gas and air passes through a nickel grid at the top of the 
chimney (fig. 7). The air-holes can be adjusted so that there 
is practically no inner cone and yet the gas does not light 
back, The flame is very hot indeed, and will even melt iron. 


: The Safety Lamp p 


Sir Humphrey Davy applied the principles you have just 
considered in the miners' safety lamp. 

The Miners Safety Lamp—Davy was greatly concerned by 
the number of appalling explosions in the mines at the beginning 
of the last century, and 
he made experiments 
with a view to preventing 
them. The explosions 
were due to a gas called 
fire-damp, which is re- 
leased during the process 
of coal-mining. When 
this gas is mixed with a 
certain proportion of air 
the mixture explodes if 
a light is applied. After 
years of patient experi; 
menting Davy discovered ! 
that by surrounding & Fre. 8,—Davy’s miners’ safety lamp 


lamp with gauze the 
dangerous mixture would burn inside tke gauze, but outside 


it the ignition point was not reached until the gauze 
pecame red-hot, which condition rarely occurs. Fig. 8 shows 
a form of safety lamp. It is noteworthy that Davy re- 
fused to patent his discovery, holding the view that an in- 
vention so beneficial to man should be available at as small 
a cost as possible. Through this invention countless lives 
have been saved. If you visit the Science Museum at South 
Kensington you may view the many lamps which Davy tried 
before adopting the final design. The Davy lamp is still 
in use in garages in cold weather for warming radiators 
of motor-cars. Jt should never be opened so as to expose the 
flame near the car, but when it is closed and burning it does 


not ignite any petrol vapour which may be near. 1 

You are now ready to put the knowledge you have gained 
to practical use at home. You should examine the gas cooker 
and gas fires, taking care not to damage either. 


Key to 
(0) tock up 
the lamp 
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THE GAS COOKER 


You will find that the principles undérlying the use of the 
= gas cooker are exactly the same 
as those of the Bunsen burner. 
The same precautions have to be 
7 taken to regulate the amounts of 
| LAAN Jill air and coal-gas, 

| ez I The most t k 
| Il ost recent gas cookers 
are fitted with a device called 
the “ Regulo,” which controls the 
== temperature of the oven and 
SN) enables cooking to be carried out 
with the least possible attention. 
Note the position of the “Regulo” 
Fic. 9. infig. 9. A large diagram of the 
“ Regulo ” is given on P. 83, and also a description of how it 


THE GAS FIRE 

Fig. 10 shows the various parts of a gas fire. You should 
study the fire itself and identify the parts. 

To light the fire, first turn the gas full on and then apply 
a light. Observe the flames: How many parts do you notice 
in each? When the fire has burnt for a minute or two turn 
off the gas and observe the radiants. They are now red-hot 
and send the heat out, which you can feel some distance in 
front of them. You should be able to adjust the air-holes 
so that you get the most heat from the burners and there 
is no danger of striking back. If your house is lit by incan- 
descent gaslight you should find out how to regulate both 
gas and air so that the light is as brilliant as possible and there 
is no roaring. 

The old-fashioned gas fires used to make a room stuffy. 
The modern gas fire, of which the “ Radiation " type is a 
good example, ventilates the room as the gas burns. To 
understand how this acts do the following experiment with 
the Bunsen burner. Turn on the gas without lighting it and 


Cu 


———— à €——Á——— M 
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hold a piece of smouldering paper at the air-hole. Smoke 
emerges from the chimney, showing that the jet of gas draws 
in air through the,air-hole. In the injector-ventilator of a 


H PATENT 
-ADJUSTABLE 
FLUE 


Fra. 10.—An injector-ventilator gas fire 
(By courtesy of Messrs John Wright & Co.) 


modern gas fire there are two holes in the top. The current 
of burnt gas and air draws air from the room through one of 
these, and both escape into the chimney. Thus as the gas 


burns the room is ventilated. 


PETROL AND OIL STOVES 


Some kinds of stoves, especially the ** Primus " type, burn 

a mixture of oil vapour and air at some form of Bunsen 

burner. To start the stove the fuel must first be vaporised. 

The Primus stove is started by burning methylated spirits in 

the spirit cup (fig. 12). This heats the pipe leading to the 

jet. When the jet is hot, the oil which is under pressure 
2 
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(obtained by working a pump attached to the stove) is forced 
through the pipe and vaporises. It is then lit at the jet, and 


Air- change 
considered 
necessary 
by Sanitary 
Authorities 


Fic. 11.—Views of a room(1) showing relative ventilation achieved by 


(2) Ordinary gas fire. 
(3) “ Radiation " gas fire. 
(4) Coal fire. 


The room—(2) Would be stuffy. 
4 » 3, draughty. 
(3) Gives nearly ideal conditions. 


(By courtesy of Messrs John Wright & Co.) 


a flame very like that of a Bunsen burner is obtained. The 
flame keeps the approaching oil vaporised. The action will 
be understood from fig. 12. 


| 


s d 


a re e 
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The lamp which the painter uses to burn off old paint is 


also a form of Bunsen 5 
" 
burner, and is started 
like a Primus stove. 
Pilot Lighter. 


How to read a Gas 
Meter — Fig. 13 shows 
the arrangement of dials 
on an ordinary gas meter. 
The top dial has nothing 
to do with the record of 

~ Aur Release 
gas consumed, but as it Vae S 
is marked in cubic feet, 
by observingitforagiven ^ Fra. 12.—Section of a Primus stove 
time the number of cubic 
feet per hour which are being consumed can be determined. 
When the pointer of dial D has gone round once, a thousand 


cubic feet of gas have heen consumed. The pointer of C will 
? then move one division. 


This principle applies 
also to the dials B 
znd A. 

To read the meter at 
sight start with dial A, 
putting down the lower 
figure (remembering 
that 0 may mean 0 or 
10). Follow with the 
reading of dials B, C, 
and D. Add 00 after 
the figures so set down, and you have the present state of the 
index. Deduct the state of the index previously recorded, 
and you have the figures representing the consumption of gas 
since the last reading. 

The above index reads 751,900. If the reading a week 
before had been 749,100, the amount of gas used during the 
week would have been 2800 cubic feet. 


CUBIC FEET 


Fig. 13.—How to read your gas meter 


Incandescent Gas Burner (figs. 14 and 15)—This consists 
of a Bunsen burner which heats a “mantle” to white-heat, 
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when it emits a brilliantlight. (The mantle consists of 99 per 
cent. of thoria, which is the oxide of the metal thorium, and is 
obtained chiefly from a special sand fouad in Brazil and in 
the United States. The remaining 1 per cent. of the mantle 
is ceria, the oxide of the rare metal cerium. It is necessary 


Regulator 
Fall Regulai 
ex 


Mantle 


Air Inlet. 


Gauze 


n 
` 
' 
H 


Air holes 


Gas 2 epee eee! ^ 
Fic. 14. Fra. 15. 


to mix these two oxides in these proportions in order to get 
a really brilliant light.) 

In both the upright and the inverted type the mixture 
of gas and air passes through a gauze. Why is this? You 
should examine both types of burners and find out how to 
adjust the gas and air mixture. The advantage of the 
inverted type is that the shadow of the burner is projected 
upwards; the disadvantage is that the burning gases in time 
cause corrosion of the metal part. 


ex 


CHAPTER II 


SOME SIMPLE GLASS WORK 
FILTRATION, DISTILLATION, AND EVAPORATION 


Arr students of science should be able to make simple pieces 
of apparatus, and for this it is necessary to know how to bend 
and pull out glass tubing. Fila sarath 

A little practice in this art 
will soon lead to skill. 


l. To pull out a Glass 
Tube—This will enable you 
to make a jet which can be 
used for & dropping tube or ETT ESTER 
wash bottle. 

(i) About 8 inches along Fic. 16.—Breaking a glass tube 

e 


a glass tube make a scratch 
with a small triangular file. Hold the tube as shown in fig. 16, 


and suddenly pull and snap it. It should break cleanly at the 
scratch (fig. 16). 

(ii) Soften the ends by rotating in the edge of a Bunsen 
flame until the latter is coloured yellow. On allowing the 
glass to-cool the ends will be found to be smooth. 

(iii) Hold one end of the tube between the thumb and two 


Fig. 17.—Softening a glass tube before pulling it out 


fingers of the right hand,as shownin fig. 17. Allow the other 


end to rest lightly between the thumb and two fingers of the 
13 
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left hand. Hold the tube with its centre just above the inner 
cone of the flame and rotate it steadily with the right hand, 
the left hand merely steadying it. The’ flame will become 
yellow and then the glass softens. Take care not to twist the 
tube as it softens. Then take the tube out of the flame, hold 


File scratch 
Pull =< > Pull 


Fic. 18. 


it vertically, and gently pull the ends apart. Stop pulling 
when the tube has shrunk in the centre to the required 
diameter. Allow it to cool, holding it straight meanwhile. 

(iv) Make a file scratch in the middle of the narrow part 
and then pull the two ends apart (fig. 18). 


2. To break a very short piece from the end of a Glass Tube 

— File almost completely round the tube, leaving a space, A, 
about one-tenth of an inch 

A long (£g. 19). Heat the narrow 

C D end of a piece of tube which 

Fra. 19.—Breaking a narrow tube has been pulled out as in 1 (iv). 
Apply the hot point to A. 


What happens? Can you suggest why? The end may now be 
detached by a pull. 


3. To cut à wide Tube, i.e. a Tube of half an inch or greater 
diameter—Clamp the tube in the special holder shown in 
fig. 20. This may be made 
in the workshop; and should 
be fastened securely to the 
bench by a clamp. Wrap 
a piece of stout String com- 
pletely round the tube and 
work it up and down until 
it begins to char. Keep the 
string close to the edge of the 
holder all the time. Rapidly 
pour a little cold water on 
the hot part of the tube, 
holding the protruding end in your hand. The tube should 
break cleanly. As the edges will be sharp it will be as well 
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to grind them smooth. This is done by pouring a few drops 
of a 10 per cent. solution of camphor in turpentine? on to 
a piece of emery paper and 
grinding the glass on this by 
hand. 


4. To bend a Glass Tube— 
Fishtail burners may be 
bought from the Gas Com- 
pany. Fit one on the chimney i 
of a Bunsen burner? aud, "19: vom DU cue 
obtain a luminous flame. 

Rotate the tube in the position shown in fig. 21 until it is soft, 
remove from flame, and allow it to bend itself to the required 
angle.  - E 

5. To fit up a Wash Bottle (fig. 22)—You should have no 
difficulty in doing this if you follow the instructions given 
ə for drawing out and bending glass 
tubes. Start with a piece of glass 
tubing of suitable bore and about 
18 in. long. Cut this into three 
pieces 6 in., 20 in., and 2 in. long 
respectively. Bend the 6-in. tube 
as shown at A and the 10-in. tube 
as shown at B. ‘The nozzle C is 
made by rotating one end of the 
2-in. piece in the edge of the Bunsen 
flame asin 1 (ii), but this time holding 
it there until the hole is very small. 
Round off the ends of the tubes and 
allow them to cool. Wet the tubes 
before inserting them into the 
stopper. Never use much force over this or the glass will 
break and cut your hand. The teacher should show you how 
to do it with safety. 

Pour some water into the wash bottle and fit it up as shown 
in fig. 22. Blow down tube A. What happens, and why ? 


— 
Fine. 
Nozzle Tube 


Fra. 22.—A wash bottle 


1 10 grm. of camphor dissolved in 90 grm. of turpentine. 
2 Use a bit of plasticine if necessary. 
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Blow down C. What happens, and why? Release the stopper 
and raise tube B so that it is above the surface of the water. 
Fasten the stopper in again and blow down A. What happens, 
and why? Release the stopper, and with B again below the 
water surface blow down A. What happens, and why? These 
experiments should teach you the essential features of a wash 
bottle. What are they ? 

The nozzle C is very small so that a very fine jet of water 
may be blown through, enabling a small quantity of water 
to wash thoroughly the residue on 
a filter-paper (see next exercise). 


6. Some simple processes often 
used in Science Work: (i) Filtra- 
tion—Stir up some sand and salt 
with water. Fit up a filtering 
apparatus as shown in fig. 23. 
Fiter paper Fold the filter-paper into four. 
the sia Open it out as shown in fig. 24, 
leaving a closed space, and fit it 
into the funnel. 
Stir up the mix- 
ture of salt, sand, 
and water, and 
pour it into the 
filter down a glass 
rod, as shown in 


Fie. 23 Fra. 24.—A folded 95 Noti i 
The process of filtration filter-paper eee eg n 


liquid which runs 
through the filter. Is it pure water? How can you tell? Use 


the wash bottle to wash the residue left on the filter-paper. 
A filter-paper can only remove matter in suspension, i.e. matter 
which is not soluble. It will not remove anything dissolved 
in the liquid. Water with salt dissolved in it is called a 
solution of salt in water. 


(ii) Evaporation—Pour a little of the filtrate obtained in the 
last experiment into an evaporating basin. Arrange this on a 
piece of wire gauze on a tripod or a retort stand, as shown in 
fig. 25. Heat by means of a Bunsen flame, lowering the latter 
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© ^ asthe bulk of the filtrate diminishes. Do not allow the burner 
to light back. You know how to prevent this. Whilst this 
experiment is going ôn hold a clean 
cold surface, such as a piece of 
glass or porcelain, over the evapo- 
rating basin. What happens, and 

why? Taste the liquid deposited 
on the cold object. Is it saline? 
What do you conclude? When 
vapour or steam comes into contact 
with a cold object it is said to be 
condensed. What remains in the 
basin : Fig. 25.— The process of 

Did you notice a film of moisture evaporation 
on the under side of the evaporating 
basin immediately the lighted Bunsen was placed underneath ? 
If you missed this, allow the flame to come into contact fora 
moment with a cold dry basin. Dry the basin, hold it over 
a stream of unlit gas. Is moisture still deposited? Where did 
the moisture come from ? 

(iii) Distillation—Y ou have now obtained the solid impurities 
from the water with which you started. The insoluble sand 
was retained on the filter-paper. The soluble salt was obtained 
by evaporating the water, but you have lost the water. Where 
has it gone? How did you catch a little of it ? 

A German chemist named Liebig designed a piece of 
apparatus called a condenser, by which he could condense 
and collect a vapour given off during evaporation. This 
apparatus is shown in fig. 26.1 The liquid which collects in 
the receiver is called the distillate. You should collect some 
of the distillate when your original solution is heated. Taste 
it, and also completely evaporate à little. | If there is no 
residue ‘you may conclude that the distillate was pure 


water. 
You should write a full account of this experiment in your 
notebook under the heading “ To obtain pure water from a 
1 Note for Teachers—The authors have found it satisfactory to have 
five sets of this apparatus for a class of thirty, each group of six pupils 
being responsible for fitting one up aftera demonstration by the teacher. 
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solution of salt in water." Draw a good sketch and name 
the various parts. 


Fra. 26.—The process of distillation 


(iv) Crystallisation—(a) Take a boiling tube and fill it 
about one-third full of water and heat in a water bath (fig. 27). 
Add nitre, a little at a time, shaking thoroughly after each 
addition, until after vigorous shaking a little remains un- 
dissolved. The solution is then said to be saturated. Decant 
the clear solution into a clean eva- 
porating basin. Be careful not to 
pour out any solid. Allow to cool 
slowly. When cold, pour off the 
liquid above the crystals into an- 
other evaporating dish. Is this 
liquid pure water 2 

(b) Dissolve a teaspoonful of alum 
in boiling water in an evaporating 
basin. Evaporate until crystals form 
in a drop removed on a glass rod. 

Fic. 27.—Crystallisation Allow the solution to cool slowly. 

Did you find that a greater amount 

of substance can be dissolved in hot water than in cold? Can 

@ saturated solution contain different amounts of substances dis- 
solved in it? State on what the amount dissolved depends. 


o 
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Evaporation, Distillation, and Crystallisation in Nature— 
After every shower of rain the water on the ground gradually 
disappears. That which does not drain away evaporates into 
the air. The heat of the sun, helped by winds, is responsible 
for this. In the same way the sun's heat evaporates water 
from the sea. Eventually this water condenses and forms 
clouds, which consist of tiny particles of water. In time 


Condensation 
fr 


7 


oan 
neg 


1 Moisture laden 
1 air rising 
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Fira. 28.—Evaporation and condensation in Nature 


hundreds of these tiny particles may join together and form 
a big drop, which then falls as rain. 

In some parts of the world there are great deposits of salt 
which have been left when a great sheet of water dried up. 
The salt is usually in the form of crystals, and these are often 
quite large, showing that the drying-up process has been slow. 
Examples are the salt deposits of the Caspian, the Dead 
Sea, and many dried-up lakes in the interior of Australia. It 
is interesting to learn that our word “salary " comes from the 
Latin salarium, meaning “ salt money "—an allowance given 
to Roman soldiers in order to buy salt. 

Why is the sea salty? You should now be able to answer 
this question. The rain washes soluble substances out of the 
soil and rocks. ‘These in time make their way into the sea. 
As the sea-water evaporates the dissolved solid matter is left 
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behind. As dissolved solid matter is constantly finding its 
way into the sea, the latter gets more and more salty. Itis 
a fact that the Mediterranean is more saity than the Atlantic, 
and the Black Sea is still more so. The Dead Sea is a satu- 
rated solution, and as it is gradually drying up there are 
deposits of salt around its banks. 

Although water is the commonest solvent, there are sub- 
stances which will not dissolve in water, and for them special 


Arabs scooping salt from the Dead Sea. The white mounds 
are heaps of salt crystals 
(By courtesy of Palestine Potash Ltd.) 


solvents are used. For instance, petrol and benzene dissolve 
oil or grease, and are used in “ dry cleaning " to remove 
grease stains. The familiar rubber solution used in 


repairing punctures in rubber tyres is a solution of rubber in 
petrol. 


Filtration, Evaporation, Distillation, and Crystallisation 
applied by Man to his Needs—It is most important that the 
water supply of a city should be as pure as possible. It 
may come from a collecting area up in the hills and then 
the water from the filter-beds will simply run downhill in 
pipes to the houses and works which it supplies. On the other 


Supply Tank 


Water Tower 


Pumping 
Station 


Note:- Town & Tower are not 
on the same scale. 


Under ground from 
collecting beds 


A town’s water supply 
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hand, the water may have to be pumped from some depth 
below the ground on which the town stands. In this case it is 
usually pumped into a small reservoir "or tower placed at a 
level higher than the town and led to the houses as described 
above. It will be interesting for you to find out how the 
drinking-water is supplied to your house. 

On board ship pure water for drinking is obtained by dis- 
tilling sea-water. 

Crystallisation plays a very important part in the prepara- 
tion of pure substances, e.g. Epsom salts, common salt, nitre, 
and alum. The principles underlying the commercial process 


are the same as those you have employed, except that tons of 
material instead of ounces are obtained. 


Experiments with Crystals—(i) Heat some washing-soda 
crystals in an evaporating dish. Hold above it a test-tube 
containing cold water. The outside of the tube must be dry 
at the start. Does it remain dry? Tf not, where does the 
moisture come from? It is called water of cryStallisation. 
When no more water is expelled, allow to cool. The soda is 
now amorphous, i.e. of no definite Shape. Add a drop of 
water. What happens? Add another drop or two. 

(ii) Repeat the above experiments with copper sulphate 
crystals. This may be bought under the name of blue 
vitriol. Make a note of all the changes which occur. Heat 
carefully until all the water of crystallisation is expelled, 
When cool divide into three portions ; to one portion add a 
drop of water, to the second add a drop of absolute alcohol 1 
which is free from water, and to the third add a drop of 
methylated spirits which contains a little water. You ought 
now to have discovered a test for the presence but not for the 
purity of water. What is it? 

(iii) Dissolve a small crystal of cobalt chloride in one-third 
of a test-tubeful of water. Using a splint of wood, write a 
few words with the solution on white paper and allow to 
dry. Hold the paper some distance above a Bunsen flame 
and note that the “invisible ink ” becomes visible. This 
can be used by scouts to send dispatches that might fall 
into the enemy’s hands. 


* An ounce or two of this will last a long time, 


NATURAL CRYSTALS 


Quartz Calcite 


(By courtesy, of the Geological Museum) 


Fluorspar 
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The Formation of Crystals—It is very fascinating to watch 
the gradual formation of crystals under the microscope. 
Many schools have now projecting microscopes by which the 
growth of crystals may be shown to the whole class at once. 
A warm saturated solution of a substance such as nitre, Chili 
saltpetre, or sal-ammoniac is made. A drop is placed on a 


1. 2. Photo: D. Stockdale Cambridge 


Metal crystals. Magnification 70. 
Coinage Bronze. 


No. lis part of a penny which was annealed at red-heat, then ground, 
, polished, and etched with a chemical solution. 
No. 2 is the same after allowing it to oxidise in the air. 


glass slide, and this is observed through a microscope or the 
image is projected on a screen. 

It is important to realise that not all crystals contain water 
of crystallisation. Examples are nitre and sodium chloride 
(common salt). Your teacher will no doubt be able to show 
you specimens of calcite and quartz. These minerals do not 
contain water. You should observe the beautiful crystalline 
shapes on a fresh piece of galvanised iron. These are crystals 
of the metal zinc, again without water. 

Most metals are in the form of crystals, and the microscope 
is in extensive use to reveal their structure. By this means 
faults are discovered in metals used to make machinery. 


c 


CHAPTER III* 
THE MEASUREMENT OF LENGTH 


A Story of Long Ago—Ages ago our ancestors were savages, 
and lived in fear of every wild beast and of one another. 
Soon they began to live in communities for protection against 
their enemies. It is probable that these early communities 
lived in caves. At the entrance of a cave a fire would be 
kept burning to frighten away wild beasts. The first weapons 
were clubs and axes of stone; later, spears and bows and 
arrows were invented and helped man in his fight against 
nature, At first each family hunted and cooked its own food, 
and made its own simple clothes out of skins for protection 
against cold. As the communities grew larger it was found 
to be simpler for certain men to hunt whilst others prepared 
and mended the weapons. Some could grow the corn and 
others make the clothes. In this way, slowly but surely, 
arts and crafts developed. Imagine *u scene in this early 
civilisation. Big Bill the Hunter has broken the thong of his 
bow, and has come to Little John the Thong-maker to buy 
a fresh supply of thongs. With him he brings a deer which 
hehasslain. Says Big Bill, * What length of thongs will you 
give me for this deer ?" “Let me look at it," says Little 
John. After inspection the latter says, “I wil give you 
five lengths for it.” After some argument Little John decides 
to give six lengths, and he proceeds to measure each length 
from chest to the finger-tips of his outstretched arm. “ That 
won’t do,” says Big Bil, “ you must let me measure the 
thongs.” “ Oh no," says Little John. “ But I insist," says 
Pig Bill, getting out his club, and Little John has to agree 
or be knocked down by the bully. In this way the stronger 
man could be sure of getting the better of a bargain, as his 
arms were longer than those of his opponent. But time arrived 


* Chapters III, IV, and V may be done in the mathematics lessons, 


(See Preface.) 
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when the small men banded together in order to get justice, 
and petitioned the Head Man of the tribe to judge matters 
of this sort. At first the Head Man ordered the disputants 
to fight it out, but eventually a Head Man wiser than his 
predecessors saw that this only caused the death or injury 
of men who were needed to fight the enemies of their tribe. 
"This wise man made a decree that the length of his arm should 
be the standard length, and ordered pieces of wood to be cut 
to this length and distributed through his territory for standard- 
length sticks. In some such way a standard of length first 
arose. Early methods of measurement were derived from 
something connected with man or his work. The mile was a 
thousand Roman paces, a pace being two steps. A team of 
eight oxen could pull a plough a “furrow-long " (furlong) 
before taking a rest. The pole used for prodding the oxen 
has given its name to the rod, pole, or perch (54 yd.). Four of 
these rods make the surveyor’s chain (22 yd.). In England 
the yard now in use is the distance from the tip of the nose 
of King Henry I to the end of his thumb when he Stretched 
out his arm, and was at first called an ell. The inch was 
declared in 1224 to be the length of three dried grains of 
barley-corn placed end to end. In the Exchequer Offices 
in London there is a bar of platinum in which two plugs of 
gold are sunk. The distarice between these at a temperature 
of 62° F. is the standard yard. If you visit Trafalgar Square 
you will find the common measures of length cut in the 
granite steps just north of the fountain. Every year sur- 
veyors have to test their tapes against this scale. Besides 
the yard, foot, and inch there is the chain, all these being 


marked out so that anyone can at any time check his measures. 


Anyone using a false measure has been liable to punishment 
from very early times. Do we not read in the book of 


Proverbs, “ A false balance is an abomination unto the 
Lord " 2 


Measures of all kinds vary in different countries, and . 


travellers often find difficulty on account of this fact. Scientific 
men in all countries have agreed to use the same measures, 


not only of length, but of area, volume, weight, etc., as well, 
for scientific work. s 
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Scientific Measures of Length—In 1790, during the French 
Revolution, the National Assembly appointed a committee of 
scientific men to settle all standards of weights and measures. 
They were instructed to make accurate standards, which 
could not only be kept for comparison, but which could be 


Photo: Topical Press 


Some of the standards of length in Trafalgar Square 


reconstructed if by any chance the originals were lost, This 
committee decided to take as the standard of length one 
ten-millionth of a quarter of the earth's circumference, 
measured from pole to pole. This was called a metre. Two 
scratches, a metre apart, were made on a bar of platinum, 
which was kept at Paris for comparison. Later it was found 
that the measurements of the committee were not quite 
accurate, but it was decided to keep the same platinum bar 
as the standard metre. This standard metre and other 
standards copied from it are now kept at the International 
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Bureau of Weights and Measures, Sèvres, near Paris. There is 
also a copy at the office of weights and measures in every 
civilised country. 

You should now examine the metre stick and compare it 
with the English yard. The metre is divided into 10 deci- 
metres, each of these is again divided into 10 centimetres, 
which are each subdivided into 10 millimetres. Most of your 
measurements will be expressed in centimetres, a millimetre 
being 0-10 of a centimetre. Multiples of the metre are re- 
spectively Deka-, Hecto-, and Kilo-metres. The one commonly 
used for great distances is the Kilometre, which is approxi- 
mately fth ofa mile. The following table sets out the various 
units of length in the metric system and their relation to 
each other and to the metre :— 


10 millimetres (mm.) =1 centimetre (em.). lmm.- 0:001 M. 
10 centimetres =1 decimetro (dm.). lem. = 0010M. 
10 decimetres =1 Metre (M.). ldm. = 0-100 M. 
10 metres =1 Dekametre (Dm.). 1 Dm 10-0 M. 
10 Dekametres =1 Hectometre (Hrf.).: 1 Hm 1695-0 M. 
10 Hectometres =1 Kilometre (Km.). 1 Km. =1000-0 M. 


In the following exercises you will use the inch and the 
centimetre, each divided into tenths. A length of 4 inches 
3 tenths will be written 4-3 inches. A measurement of 7 cm. 
6 mm. will be written 7-6 cm. 


Exercise 1— To discover the Precautions to be taken in making 
an accurate Measurement by means of a Ruler 


Place the ruler across two parallel lines AB, CD, as shown 
in position XY (fig. 29), arranging it so that the mark 1 on the 
ruler is on AB with one eye placed above the line AB, the other 
being closed. Hold the ruler quite firmly in this position and 
move the eye until it is above the line CD. Note the distance 
between AB and CD, 

Still holding the ruler in its first position, move the head so 
that your eye is about 1 foot to the left of the line CD. Note 
the point on the ruler where the line appears to cut it, 

Repeat with head 1 foot to right of CD. 

Repeat the three readings with the ruler held in position 
INES 
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Fie. 29. 


Results should be tabulated as follows :— 


af Apparent Apparent 
Š D distance when | distance when 
AB and CD eye is 1 ft. to eye is 1 ft. to 
left of B. right of B 
lst position e 
of ruler 
2nd position 
of ruler 


What conclusions do you draw as to the precautions to be 
taken in measuring a distance with a ruler ? 


Exercise 2— To Measure Lengths as accurately as possible 
by Means of the Ruler 

If all the precautions found necessary in the last exercise 
are observed, the lengths can be measured to two decimal 
places of the unit. The tenth marks on the ruler give the 
first place, and the second place is estimated. The tenth of 
an inch or centimetre, as the case may be, must be imagined 
to be divided into ten parts, and the second place of decimals 


is so obtained. 
Let the line to be measured be AB. The distance XY 
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represents an enlarged inch divided into tenths. It will be 
seen that AB is 3-5 in. and a fraction of a tenth. This fraction 
is quite plainly less than half a tenth and is approximately a 


3" 4" 
E— MM mpi ed 
Fic. 29a. 


third; it is about -3 of one-tenth, i.e. -03 of an in., and thus 
the line measures 3:53 in. The same method is adopted with 
centimetres, and after a 
little practice the second 
place of decimals will be 
fairly reliable. 

Measure as many ob- 
jects as you can in cen- 
timetres and inches, to 
two decimal places. In 
most schools sets of 
geometrical models are 
available for this pur- 
pose. . Enter your results 
Fic, 30.—A set of geometrical models 28 shown below. " 

Methods of measuring 


diameters of cylinder and Sphere are shown in figs. 31 
and 32. 


Results : 


sexe) LOND 


Object measured Centimetres Inches 


Length of wooden block . 
Slant height of cone 
Diameter of base of cone . 
Dj cylinder 
» sphere . 


Additions em. in. 
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Rectangular 


Blocks 


Fic. 32.— Measuring the diamet£r of a sphere 


From your results you should be able to show that 
1 in. —2:54 em. 
Now plot a graph by means of which you can convert 
lengths up to 10 in. into centimetres, and vice versa. Your 


teacher will show you how to do this. 
Bxercises—(1) From your graph complete the following 


table :— 
Inches Centimetres 

1-50 daop 

E 10-20 
4:50 dés 

ond 14-00 
5:70 ise 
7-00 
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(2) The barometer reads 29-47 in. What is this in milli- 
metres? (Correct to first place of decimals.) 

(3) Express 1 mile in Kilometres (1 in. :- 2-54 cm.). 

(4) Express 1 Kilometre in miles. ; 

(5) Draw a graph by which you can convert 0 to 100 


Kilometres into miles. This would be useful to an Englishman 
motoring in France. 


Exercise 3—Measurement of the Length of a Curved Line 

l. By Means of a Thin Strip of Celluloid—The method of 
procedure is shown in fig. 33—where the celluloid is used 
to measure the 
circumference of 
a circle. Make 
one mark, A, on 
the circle and an- 
other, B, near one 
end of the cellu- 
loid. Place these 
togetherandgrad- 
ually bend the 


celluloid round 
the curve, a little at a time, as shown. Make a mark C on 


the celluloid when A is again reached, and measure with a 
ruler the distance between B and C. 

2. Flexible Steel Tapes may be obtained marked in centi- 
metres and millimetres, and with one of these the length of a 
curved line is soon found. 

3. By Means of an Opisometer (fig. 34)—Examine the in- 
strument and note how the toothed or milled wheel moves 


Fic. 33. 


alongthe axle. You can then decide whether you will have 
to push or pull the instrument along the curved line. 1t is 
important to start with the wheel close up to A. After 
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running the wheel along the curved line you can run it back 
along a straight line, and then measure the distance it has 
rolled. This instrument may be used to find the distance 
between two places on a map. (The distance has to be 
calculated from the scale of the map.) 


Ki 


Scale: 1 inch =1mi 
cale: 1inch =1 mile Fra. 35. 


Measuring Distances on Ordnance Maps—Distances between 
places may be found with fair accuracy by using an opiso- 
meter. For instance, suppose a map is to a scale of 2 miles 
to an inch and that the distance between places A and B, 
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measured as above, is 2-38 in. This represents 2 x 2-38 —4-76 
miles. 

Fig. 35 is a section of the one-inch Ordnance Survey Map, 
showing the position of Whipsnade Zoo. Find the shortest 
distance by road (i) from Dunstable (A) to the Zoo (B) 
(ii) from Totternhoe (C) to Studham (D). 


> 


Exercise 4—A Further Method of Measuring accurately to 
Second Place of Decimals. The Vernier 


Make a scale of inches and tenths on the given cardboard 
(5 in. will be long enough) (fig. 36). Now divide a line -9 in. 


inate eA ROMP AGENT Gal 
fe) 1 25 4 5 


Fr. 36. 


long into ten equal 
parts (fig. 37). 

Cut out therectangles 
AB and XY. AB is 
called the scale, XY the 
vernier. 

Put the vernier be- 
neath the scale so that 
0 marks are in a line, 
What do you notice 
about the difference 

ernier divisions ? 
difference equal in each 


< 


between the scale divisions and the vi 

What decimal of an inch does the 
case ? 

Now place the vernier so that the 0 mark is at what you 
think to be 1-25 inches on the scale. Which vernier division 
coincides with a scale division ? Why does this coincide ? 
Repeat, placing vernier mark 0 opposite 1:13 on scale, and 
find which vernier mark coincides with a scale mark, 


Measure the lengths of the lines AB, CD, EF (fig, 38), using 
the vernier. 
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p s 
i A B 
CG D 
E F 
Tia. 38. 
By Vernier 

AB = 

CD = 

EF = 


Exercise 5—Use of Sliding Vernier Calipers (a Vernier with 
jaws) (fig. 39) 
Examine and make a careful drawing of the sliding calipers 
supplied. What is the unit of the main scale? Into how 
nany parts is the unit on the main scale subdivided ? What 


Pen] YOUR 


Fia. 39.—Sliding calipers 


length of the main scale does the vernier cover ? How many 
vernier divisions are there in this length? How many 
differences between the vernier and scale divisions make one 
complete scale division? You should now be able to see that 
one of these differences is equal to 0-01 of a scale division. 
Use the instrument to find the lengths of the geometrical 


models supplied. 
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Tabulate results as shown below. 


Object Thickness in | "?hickness 
Jes centimetres in inches 


Exercise 6—The Relationship of the Circumference of a 
Circle to its Diameter—(1) Measure the circumference of a 
circle, diameter 1-5 to 3 in., in as many ways as you can. 
Measure the diameter, and from your results find how many 
times the diameter divides into the circumference. 


r 


Results : 2 


5 i Cireumference 
|en Diameter |rcumterence_ 


Diameter 
* 


m cm 
(a) By celluloid 
Mean 
(b) By steel tape . ; result 
| +. 0m. 
(c) By opisometer , 


(2) Find the circumference of several metal cylinders as follows: 
Wrap several turns (about 10) of cotton thread closely round 
(fig. 40). Draw a pencil or ink line through the cotton, 
parallel to the axis of the cylinder. Unwrap the cotton and 
measure 10 turns. Hence find the circumference, 

Find the diameter, using sliding calipers. 

Repeat exercise, using a pencil. Remembering that the thread 
has a thickness, which do you think will give the least error in the 


above experiment, the thick cylinder or the pencil 2 Suggest a 
reason. 


e 
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Cylinder 


< 
SSS 
SSS 


Cotton 
thread 


Ink line 


Fria. 40. 
Results : 
Length of 10 turns = em. 
.. circumference = cm. 
Diameter by calipers = cm. 
. circumference—diameter = EN 
n : 
circumference acd 
The result ——————-—— is called 7,1 and is 3-14. This is 
diameter 
99 = 


approximately T 


Problems—(1) The diameter of a bicycle wheel is 28 in. 
How many times will the wheel revolve in going 2 miles ? 

(2) The circumference of an iron pipe is 14-13 in. Find 
the outside diameter. If the iron is 0-25 in. thick, what is 
the internal diameter ? 

(3) A donkey is tethered to a peg by a rope 15 yd. long. 
What is the circumference of the greatest circle the donkey 


can trace round the peg ? 
(4) How would you find the diameter of the circular end of 


2, large cylindrical boiler ? 
Exercise 7—Measurement of very Small Lengths such as the 
Thickness of a Wire—This is done by means of a screw gauge. 
Examine the screw gauge provided. First close the jaws 
gently and note if the bevelled-edge scale reads 0. If it does 


1 Pronounced pi. 


38 i General Science 


not, an allowance must be made in the measurements ' 
Unscrew the gauge carefully, giving the bevel 10 complete 
turns. You will find that as the jaws recede the scale, 
usually in millimetres, appears under the bevel. If the edge 
of the bevel movés 10 mm. in 10 turns, the pitch of the screw 
isl mm. (In some gauges the pitch is only 0-5 mm.) 


== al <= 


| 


Fic. 41.—A screw gauge 


How many divisions are there on the bevel scale? How far do 
the jaws separate when the bevel turns 1 division ? 


Exercise— Use the screw gauge to find the diametes of several 
different wires. Precaution: never exert pressure, but close 
the jaws on to the wire very gently so that any soft wire, 
such as copper, is not crushed, thereby reducing the diameter. 
Compare your results with the diameters given in a table of 
standard wire gauges (S.W.G.). 


„Results : 
Wire Measured diameter S.W.G. diameter 
mm. , mm. 
Copper, No. 22 | (a) | mean 
(b) ji mm. 
Iron, No. 16 . 
Eureka, No. 28 
Etc. 


——— € 


1. Rectangle—AB is a straight line 1 in. long. Imagine it to , 
be moved for a distance of 1 in. in a direction perpendicular 
to its length. It will now occupy the position CD, and it will 
have traced out the shaded area in fig. 42 (a). 


Fra. 42. ° 


The figure ACDB is called a rectangle because all its angles 
are right angles. It is also a square, as its sides are equal 


B (b) 


as well. Its area is called 1 sq. in. If AB is moved 3 in. in 
the same direction, it traces out a rectangle of three times 


as much area as before—namely, 3 sq. in. (fig. 42 (b)). 
39 
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Tf AB is 2 in. long and is moved 3 in. in a direction per- 
pendicular to its length, it traces out the rectangle shown in 
fig. 42 (c). What is the area of this rectangle ? 


B @ * a D 


Fic. 42. 

What is the area of the following rectangles :— 

(a) Traced by a straight line 3 in. long moving 4 in. per- 
pendicular to its length ? 

(b) Traced by a straight line 4 in. long moving 5 in. per- 
pendicular to its length ? 

(c) Traced by a straight line 0-5 in. long moving 6 in. 
perpendieular to its length ? 

(d) Traced by a straight line 2-5 in. long moving 4 in. 
perpendicular to its length ? 


What is the simplest way of finding the area of any 
rectangle ? : 


Fill in the following tables :— 


English System 
Length - Sq. in. =1 sq. ft. 
sumet e 8q. ft. =1 sq. yd. 
255b: = T^ydi 4840 sq. yd. — 1 acre 
640 acres —1 Sq. mile 


Area 
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Metrie System 

.. mm.=1 em. .... Sq. mm. =l sq. cm. 

.. em. —1 dma. .... Sq. Cm. —1 sq. dm. 
<- dm. =1 M. .... Sg. dm. —1 sq. M- 
"M mis .... Sq. M. =I sg. Dm. 
"umi Hm: .... sq. Dm. =1 sq. Hm. 

. Hm. =1 Km. .... sq. Hm. —1 sq. Km. 


Exercise—J'ind the area in square centimetres and in square 
inches of two different-sized surfaces of the given rect- 
angular block of wood. 


Tabulate results as follows :— 


Length Breadth Area Noored som 


No. of sq. in. 
Larger surface . cm. cm. sq. em. || (a) 
in. in. sq. in. 
Smallere , - er. em. sq. em. || (p; 
in. in. sq. in. |f 


What does the last column tell you ? 

Can you suggest any other method of Zriving at this number? 

Draw a graph which will enable you to convert square 
centimetres into square inches and vice versa, and from the 
graph complete the following table :— 


Square inches Square centimetres 
2-0 TOR. 
Bore 18-0 
5:0 deci 
Ei 38-0 


9. Parallelogram—If the straight line AB is moved parallel 
to itself in a direction AC, the area traced out is called a 
parallelogram, because the opposite sides are parallel. Fig. 
43 shows the areas traced out by a line AB when moved in 
this way in different directions for the same distance AC. 
These areas are obviously not equal. How would you move 
AB a distance AC so as to trace out the greatest possible area ? 

E 
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c 
Cc 
A Gg 4 Ao 
ER 1 | 
B B 
Que © 


B 
(b) 
Fra. 43. 


You should now perform the following experiment, which 
will enable you £o discover a simple way of finding the area. ofa 
garallelogram. 

On a piece of gummed tinted paper? draw two pairs of 
intersecting parallel straight lines about 2 to 3 in. apart. 
Letter the points of intersection 
as shown in fig. 44 (a). Draw 
AE perpendicular to AB. Cut 
out ABCD; cut also along AE 
and gum the two parts so as to 
make a rectangle in your book. 
This rectangle is equal in area 
to the parallelogram. What is 
the area of this rectangle ? 

AE is the vertical height corre- 
sponding to base DC. 
íb) Find the area of the parallelo- 

gram shown in fig. 44 (b). 
(a) By multiplying CD by 
37 c the corresponding per- 

Fic. 44, pendicular height. 

(b By multiplying BO by 
the corresponding perpendicular height. 

The area of a parallelogram is the product of one side and 
the perpendicular distance between that side and the one parallel 
to it. 


iz] 


3. Triangle—Again draw a parallelogram on a sheet of 
tinted paper. Draw the diagonal AC and cut along it (fig. 45). 
1 Gummed tinted paper can be obtained from any stationer. 


l 


> 
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^ Can you make the two triangles coincide with each other ? 
You have already found that the area of a parallelogram is 


A 
A B 
D E c 
Fra. 45. Fra. 46. 


obtained by multiplying one side by the corresponding vertical 
height. How would you obtain the area of a triangle ? 


4, An Irregular Rectilineal Figure. Method (a)—Draw a 
large figure in shape something like that shown (fig. 46). 
Divide i5 into triangles, work out the area of each in square 
inches and square centimetres, and hence find the area of the 
whole. To check your 
result, divide the number 
of square inches into the 
number of square centi- 
metres. 


Method (5) (fig. 47)—By 
constructing a triangle 
equal in area to the figure 
and employing the method already used for finding area of 
triangle. 

Join AD and AC. Through E and B draw EF and BG, 
parallel to AD and AC respectively, and meeting DC produced 
both ways. Join AF and AG. You should be able to prove 
the triangle AFG equal in area to the figure ABCDE. There- 
fore the problem reduces itself to finding the area of the 
triangle AFG. 

Which of these methods (a) or (b) is the simpler ? 

5. A Trapezium (fig. 48)—ABOD is a quadrilateral which has 
only one pair of parallel sides and is called a trapezium. Draw 


D 
Fra. 47. 
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a similar figure on squared paper. Draw a line MN midway 
between the parallel sides. Through M and N draw lines at 
: B p Tight angies to MN and obtain 


M 


(à) c 


Fic. 48.—Its area is that of the 
shaded triangle. MN is mid- 
way between AD and BC 


N 
(b) c 


the shaded area shown in fig. 
48 (b). Verify that the small 
shaded triangles at the corners 
are equal in area to those left 
blank. Thus the trapezium 
ABCD is equal in area to the 
shaded rectangle. MN is called 
the mid-ordinate. Verify that 
it is equal to half the sum of the 
parallel sides of the trapezium 
ABCD. 

The area of the trapezium 
is evidently half the sum of the 
parallel sides x the distance 


between them, or the mid-ordinate x the distance bétween the 
parallel sides. This is of special use in the following. 


6. The Mid-ordinate Method of finding the Area of any 


Irregular Figure—Divrde the 
spaced parallel 
lines, each, say, 
l in. apart. This 
process divides it 
into figures which 
are practically tra- 
peziums. For in- 
stance, ABCD in 
fig. 49 is practically 
a trapezium, as AB 
and CD are very 


AME 


figure by a number of equally 


^ 


nearly straight 
lines. WAatis the DNC i 
area of ABCD? Fic. 49, 


The area of any other strip 
mid-ordinate by the width of 


is obtained by multiplying the 
the strip. 


Total area = width of one strip x the sum of the mid-ordinates. 
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"The larger the number of equally spaced areas the greater 
the accuracy attained by this method. 

The mid-ordinate method is of great practical use. By its 
means you can find the area of a map with a fair degree of 


accuracy. 
A very interesting example of its use is in measuring 
machines for finding the area of pieces of leather in any large 


A leather measuring machine in uso 
(By courtesy of The Turner Tanning Machinery Co., Ltd., Leeds) 


Such a machine is shown in the plate above. 


h ks. 
pA f equally spaced 


As the leather is passed through it a series o s 
wheels is rotated, each wheel measuring one of the mid- 
ordinates. Mechanism causes these measurements to be auto- 
matically added together and multiplied by the width of 
the space, the area being indicated directly on the large 
clock-like face. It is noteworthy that as the wheels only 
rotate when in contact with the leather, the area of any 


holes is not included in the measurement. 
Suggested Exercise—Make a trace of a map of your county. 
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Find its area in square inches by the mid-ordinate method. 
Find the number of miles represented by l in., and hence 
the number of square miles represented.by 1 sq. in. Hence 
calculate the area of your county in square miles. 


7. A Circle (fig. 50)—On gummed paper draw a circle of 
any radius r. Divide it into sixteen equal sections. Cut 


Fic. 50 (a). 


AW 


Fic. 50 (b). 


these out and stick thém alongside each other in your 
book. 

You have a figure which is almost a parallelogram. The 
larger the number of sectors, the more nearly is the resulting 
figure a parallelogram. 

What is the vertical height of this parallelogram ? 

Remember that the circumference of a circle is 27r. What 


is the length of the base of the parallelogram? What is the 
area of the parallelogram ? 


What is the area of a.circle of radius r ? 

What is the area of a circle whose diameter is d? 

Find the area of the circular faces of the objects supplied. 

In each case measure the diameter as accurately as you can, 


The Measurement of Area 4T 
Results : 


Object | Diameter | Radius (Radius)? Area nr? 
2 


1. Penny T 
2. Cylinder, etc. 


| 


Find the total surface area of each of the following solids: 
(a) rectangular block, (b) cylinder, (c) pyramid. 

In each case state the number of surfaces possessed by the 
solid. 
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CHAPTER V 
THE MEASUREMENT OF VOLUME 


You have already learnt that a moving point traces out a 
line, and that a moving line may trace out an area. Now 
consider what happens 
when an area is moved. 
Fasten cotton threads of 
equal length to the cor- 
responding corners of 
two equal areas of the 
same shape, cut out in 
cardboard. These areas 
will completely coincide. 
If one area is pulled as 
far as possible away from 
the other, the threads, 
together with the card- 
board ends, will show the 
outline of a solid. Such a solid is called a prism. Try this 
experiment with triangles, rectangles, circles, pentagons. Let 
ABCD in fig. 51 be a square inch and let it be moved per- 
pendicular to itself. If it moves an inch it traces out a 
volume of 1 cu. in. If it moves 2 in. the volume traced out 
is 2 cu. in., and so on. 

What is the volume traced out when the following areas 
are moved at right angles :— 

(a) 2 sq. in. through 4 in. ? 

(b) 144 sq. in. through 12 in. ? (i.e. 1 sq. ft. through 1 ft.). 

How many cubic inches are there in 1 cu. ft. ? 

(c) 9 sq. ft. through 3 ft. ? (i.e. 1 sq. yd. through 1 yd.). 

How many cubic feet are there in 1 cu. yd. ? 

(d) 100 sq. cm. through 10 sq. em. ? (i.e. 1 sq. dm, through 
1 dm.). 

How many cubic centimetres (c.c.) are there in 1 cu. dm. 2 

48 


Fre. 51. 
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On the Continent you do not buy milk by the pint or quart, 
but by the half-litre or litre. Fig. 52 shows a flask which 
holds a litre when filled 
with liquid up to the 
mark on the neck. By 
its side is a hollow metal 
box which holds a cubic 
decimetre. 

Fill a litre flask up to 
the mark with water and 
pour it into a cubic deci- : 
metre box. The latter is AT 
just filled. Thus a litre 
is a cubic decimetre, or 
1000 c.c. 

On the Continent pet- " 
rol is measured in litres Fie. 52. 


I. 
I 
instead of in gallons. s 


Measuring cylinders are often marked in cubic centimetres. 


You should now examine several. 
Fig. 53, (a), (b), (c), shows some of the graduations marked 


e 
C.C. C.C. C.C. 
90 250 cu 
Z 80 = 200 = 800 
(a) (b) o © 
ldiv.2 .. - ec ldiv.2 . . . ¢.c l diy. = . . . ¢.c. 


Fia. 53. 
on common measuring cylinders. What is the value of one 
graduation in each case ? 

What is the value of 
(i) 2-5 divisions in (a) t 
(ii) 3:0 » (b) ? 
(iii) 2-5 y (c) ? 
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Make similar sketches for as many differently marked } 
measuring cylinders as you can find. State the value of © 
one graduation under each sketch. n 

Pour some water into a 50-c.c. or 100-c.c. measuring jar. 
"The water curls upthejarattheedges. The curved surface is 
calld the meniscus. Draw the Shape of the surface. In 


measuring the volume of 

water your eye must be level 
Wrong position with the bottom of the menis- 
cus as shown in fig. 54. If 
the eye is above the level of 
the bottom of the meniscus 
the reading will be too high; 
if the eye is below, the 
reading will be too low. Ob- 
tain a pint measure. Fill it 
with water to the pint mark 
and, pour carefully into a 
100-c.c. measuring cylinder. 
K Fill this to the 100-c.c. mark 
Fia. 54. as many times as you can, and 
80 find the number of cubic 


centimetres in 1 pint. Repeat this several times, Record each 
result and find the average, 


Number of cubic centimetres in 1 pint: 


Total 
Average .... 

Now make a graph to convert gallons into litres. (Show 
gallons up to 5 and litres up to 25.) This would be useful 
on the Continent if you were motoring and your petrol tank 
indicator registered gallons. 


1 An aluminium pint or quart measure will do for this. 


2 
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Volumes of Prisms.—A right prism may be regarded asa solid 
which is obtained by moving a plane area at right angles to 


Circular Prism 
or Cylinder 


eight 


e 

= 

& 
+----3----> 
OS 


Triangular Prism Hexagonal Prism 


Fra. 55.—Some prisms 


itself. It is named according to the face which is moved to 
map out the prism. Several prisms are shown in fig. 55. In 
each case say which face must be moved to map out the 
prism. 
1f the area of the end is 2 sq. in. and the distance between 
the ends is 4 in., what is the volume of the prism 2 
The volume of a prism is the area of the face moved x per- 


pendicular distance through which it moves. 


Exercise 1—To find the Volume of a Regular Prism (by 
calculation) in cubic centimetres and cubic inches 
s shown. All the calculations 


Tabulate measurements a: eo 


connected with the exercise should be done below 
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Face which Come & 
s i Area of this | sponding xA 
Name of prism | determines ton perpendicalar | Volume Ex 
prs distance 

Rectangular | Rectangle Sq. cm. em. (K 

prism. I 1 

sq. in. in. cu. in. 

Triangular 

` prism. 
Cylinder. 


What does the last column tell you ? 


Exercise 2—To compare the Volume of a Pyramid with that 
of the corresponding Prism 


This may easily be done by using a hollow pyramid and 
the corresponding hollow prism. 

By the corresponding prism is meant the prism with the 
same base and of the same height as the pyramid. 

Fill the hollow pyramid with sand and pour the sand into 
the corresponding hollow prism. How many pyramidfuls are 
required to fill the prism? 
The cone is a pyramid, 
the base of which is made 
up of an indefinite number 
of sides (i.e. is a circle), 
Compare its volume with 
that of the corresponding 
cylinder. How then would 
you find the volume of a 
pyramid ? 

That a cone is one-third the volume of a cylinder of the 
same base area and height was first discovered by a Greek, 
Democritus, as long ago as the fifth century B.C. 


Exercise 3—The Volume of a Sphere 


(a) To compare the volume of a sphere with the volume 
of a cylinder just large enough to enclose the Sphere. Put 

1 Pyramid—The vertical height of the Great Pyramid at Gizeh 
named by the Egyptians “ pir-em-us,” hence the Greek form eramus 
pl. pyramides (Herod.), used unaltered in the English of Sandys (1615), 
from which the singular, “ pyramid," was formed. à 


Fra. 56. 
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> the wooden sphere into the glass cylinder and notice that 
the top of the sphere is just level with the top of the 
cylinder, also that the sphere just touches the sides of the 
cylinder (fig. 57). 

Holding the wooden sphere down, pour water into cylinder 
until just full; carefully re- 
move the sphere (avoid spilling 
any water). 

Measure in centimetres the 
height of the water inside 
the cylinder. Measure in 
centimetres the inside height 
of the cylinder. 

What fraction of the volume 
of the whole cylinder is the 
volume of the water ? 

The water occupied that 
part of the cylinder not occu- 
pied by the sphere. What 
volume therefore of the cylinder : 
was occupied by the sphere ? e Fra. 57. 

Calling the radius of the 
sphere r, find a formula for (a) the volume of the cylinder, and 
hence (b) the volume of the sphere. 

Archimedes (287-212 m.c.), the greatest of the Greek 
mathematicians and experimenters, first discovered that the 
volume of a sphere is two-thirds that of the circumscribing 
cylinder. He considered this the greatest of his many achieve- 
ments. 

(b) Observe the hollow cone and the two hollow hemi- 
spheres. What do you notice about the dimensions? Fill 


Fia. 58. 
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the hollow cone with sand and find how many fillings are 
necessary just to fill the two hemispheres. 

Calling the radius of the sphere r, find a formula for (a) the 
volume of the cone, (b) the volume of the sphere. 


Exercise 4— The Area of the Surface of a Sphere 


Describe and sketch the apparatus supplied (fig. 59).1 
Measure the length of the black square and find its area. 

Inflate the rubber discs until you form 
a sphere. Again measure the sides of 
the square and find its area. 

How many times bigger is the square 
after inflating ? 

How many times does the area of a 
circle divide into the area of the surface of 
a hemisphere of the same radius ? 

Now write down a formula for the 
area of the surface of a sphere in terms 
of the radius r. 


Exercise 5— To use the Area of the 
Surface of a Sphere as a means of 
determining the Volume of a Sphere 


A sphere may be supposed to consist 
of a large number of small pyramids or cones having their 
bases in the surface and their vertices at the centre, 

If the bases are very small they may be regarded as plane 
figures. Then the height of each pyramid becomes equal to 
the radius and the volume of the sphere will be the total yolume 
of the pyramids, Suppose the area of the base of each 
pyramid =A, then volume =A x4r. 

The volume of all the pyramids will be (the sum of all the 
bases) x ir 

But the sum of all the bases equals the area of the surface 
of the sphere—4z;?. Hence the volume of the Sphere 


Find the surface area and the volum 
"Tabulate results. 


Fia. 59, 


=4ar, 
e of the given sphere. 


1 Note—This apparatus consists of two flat rubber di 
that they may be inflated to give a sphere. idco sored ee 
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EXPERIMENTS ON DENSITY 


To Set up and Calibrate a Steel Spring— The making of a spiral 
Spring is an expert’s job and too difficult to attempt in class. 
Springs suitable for our experiment may be bought 
for a few pence each. The coils will probably be 
touching each other, as in fig. 60, and will require 
some force to separate them. The spring should first 
be pulled out carefully, extending it until, when re- 
leased, the coils are separated a little. The two last 


Fra. 61. 


turns should then be 
pulled out and heated Fic. 60. 
in a flame, after which 
they will be soft enough to 
straighten and a loop can be 
made on the end., Fit up the 
spring so that it hangs through 
a cork in a glass tube, as shown 
infig.61. The lower cork may 
be fastened into the tube when 
the spring is not in use. A strip 
of paper should be pasted along 
the glass tube, on which the 
calibration marks may be put. 
First put a mark 0 on the 
paper opposite the indicator 
when the spring is hanging freely 
with no weights attached. By 
means of cotton attach weights, 
increasing by 10 grm. at a time, 
and mark the paper opposite the 
indicator with the number of 
grams which have been added. 


1 Messrs Philip Harris, Ltd, supply springs which are suitable for 


0-100, 0-250, 0-500 grm. 
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These marks will be equidistant from each other, showing 
that the extension of the spring is proportional to the load. It 
will be convenient to set up springs reading from 
0-100, 0-250 grm. Scale pans made from lids 
of tin cans may be put on to the hook when 
required. You should subdivide the divisions so 
that the spring-balance reads in steps of one or 
two grams. 

As you are aware, spiral springs are used in 
everyday life for other purposes than weighing. 
When a spring is pulled'out or compressed its 
resistance is proportional to the extension or the ` 
compression. Spiral springs are used to reduce 
shocks in the driving wheels of a locomotive, and 
you will find many examples of their uses on any 
motor-car. 

For the following exercises the spring-balance 
you have made is suitabie, or a 0-100 grm. spring- 
balance reading in steps of 1 grm., such asis shown 
in fig. 62. This should be treated with care, and 
occasionally the brass tube should be oiled. 


To determine the Weight of 1 c.c. of Water—In 
performing this experiment you will use three 
different types of apparatus for measuring the 
volume of the water. All of these pieces of ap- 
paratus will be used many times in your science 


Fie. 62. 

A ing- "US s 

vue work, and it is important that you should know 
how to use each one. "They are— 


1. The Graduated Cylinder— This was dealt with in the last 
chapter. 

2. The Burette (fig. 63)—Examine a burette. In what way 
does it differ from a graduated cylinder? In measuring 
out a volume of water from a burette proceed as 
follows: Pour some water into the burette until its 
level is above the top graduation mark, and let water 
out until the bottom of the meniscus is level with the 
top graduation mark. What do you observe about the tube 
below the tap? You can now run out any volume of 
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water between 0 and 50 c.c. Care must be taken not 
to run out the water below the bottom graduation 
mark. ° 

3. The Pipette (fig. 64)—This is an instrument for measuring 
a definite quantity of liquid. Unlike the burette, a 
pipette can only measure oné definite volume. Pipettes 


Fie. 63. Fic. 64. 
A burette A pipette 


are made in different sizes to measure I 0:0., 2 0:0; 
B c.c., 10 c.c., 20 c.c., 25 c.c., 50 c.c., and 100 c.c. 
A certain amount of practice will be required before 
you can control the liquid in a pipette. Hold the 
pipette as shown in fig. 64. Place the pointed end 
under the surface of some water in a beaker and suck 
air out of the pipette until the water rises above the 
mark in the stem. Quickly slip the first finger over 
the end of the pipette as you remove it from your 


mouth. By carefully moving the first finger from 


side to side (or rotating the pipette, whichever is 


easier to you) you will learn how to control the flow 
5 
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of the water. The water should be allowed 
to run out until the bottom of the meniscus 
is level with the mark on the stem. When 
delivering the water from a pipette just allow 
it to run out into a weighed tin can (see fig. 65). 
On no account should you blow it out. You 
should now be able to take a known volume 
of water by three distinct methods and find 
the weight of 1 c.c., tabulating your results as 


follows :— 
Fr. 65. 
Results : - 
Volumes Weight 
x Weight 
Wessel ated Ist | ond | Vol, ot | Tin | Tin can Water | of lec. 
reading | reading | water | can | anà. 
3 ec. | ec ec. | gm. | gem. | gem. | gm. 
Measuring E "5 
cylinder 
Burette . 
Pipette 


Which of these measuring vessels will be the most accurate, 
and why ? 

The Scientific Standard of Weight— The French Scientists, 
of whom you read in Chapter III, decided to call the weight 
of 1 c.c., or 1 millilitre, of water 1 grm.t This is the sthndard 
used in scientific work all over the world. 

To find the Weight of 1 c.c. of Various Metals—Y 
provided with several cubes of metal, each of 2 cm) 
Find the weight of these, and work out the weight of 1 


u are 
side. 


„C. 
Results : 
Metal Volume Weight Weight of 1 c.cy 
i 
e.c. grm. grm., h- 
Iron . 
iUm" 
Copper 


1 At a temperature of 4° C, in the latitude of Paris. 
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Density— The weight 1 of unit volume of a substance is called 


tts density. 

: ^ Weight (W) WwW 
Density (D) = Volume (V) or D= v 
In the metric system the density of a substance is expressed 
in grams per cubic centimetre, in the English system in 
pounds per cubic foot. As lcu. ft. of water weighs 62-5 1b., 
the density of water, in English measure, is 62-5 lb. per cubic 

foot. ’ 
Now complete the following table :— 


Densit; Densit; 
Substance (metric ea) (English system) 
Water 5 2 1 grm. per c.c. | 62-5 Ib. per cubic foot. 
Aluminium 22125 ^" 
Iron. . : TES: ” 
Copper 5 + |) 28:89 5; » 
Lead Š ehe ” 


When the term relative density ? is used for solids and 


. liquids, it means the density relative to water as standard, t.e. 


N E Density of substance 
Relative density =— Density of water - ; 


Weight of substance 
= Weight of same volume of water’ 


This number is the same as that 
ms per cubic centimetre. 

ually expressed relative to the 
Thus the relative density of 


and is a mere number. 
expressing the density in gra 

The density of a gas is us 
lightest gas known, hydrogen. 


oxygen is 16, that of helium 2, that of nitrogen 14. 


The Use of the Relative Density Bottle—Examine the bottle 
carefully and make a drawing of it. Why do you think the 
stopper has a hole through it ? 

It is quite simple to make a fairly accurate and cheap 

1 Note—More accurately, density is the mass of unit volume, but 
itis well to avoid the term “ mass » at this stage. 


? Sometimes called specific gravity. 
* 
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density bottle for yourself out of a scent bottle with a ground- 
glass stopper by filing a groove on the side of the stopper. 
This bottle can be used for determining the relative density 
of liquids (and also of solids in the form o£ insoluble powders). 

(a) To find the Relative Density of Liquids by Density 
Bottle—Weigh a clean, dry bottle. Fill it with the given 
liquid, being careful to avoid the presence of air-bubbles. 
Weigh again. Pour the liquid back into the store bottle ; 
wash the bottle thoroughly and fill with water. Dry the 
outside of the bottle and weigh again. From these weighings 
you can determine the relative density. 

Record results as follows :— 


Liquid used : Methylated Spirit 
Weight of bottle ...... 


Weight of bottle full of water : g 


Repeat, using other liquids or solutions, and record results 
in the same way as shown above. 

(b) To find the Relative Density of Lead Shot and Sand by 
Density Bottle—Use the same bottle as in last exercise. Its 
weight when empty and its weight when full of water are therefore 
known. 

Half fill the dry bottle with lead shot. 
the shot inside the bottle; fil up with w. 
again. 

Record as follows :— 

Solid : Lead Shot 
(1) Weight of bottle 


Weigh, keeping 
ater and weigh 


1 Note—It will be found advisable to num! 


ber the bottl 
and allocate a particular number to a given 1, and stoppers 


pair of pupils, 
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(4) Weight of bottle full of water ...... 
(5) Weight of bottle full of water and lead shot ...... 
(6) Weight of bottle and lead shot inside and filled up with 
water ..... 2 
Why is (6) less than (5) ? 
(7) Therefore the weight of a volume of water equal to that 
of the lead shot=...... 
(8) Therefore relative density — ...... 
Repeat with sand, after drying the bottle as thoroughly 
as you can by shaking. (If not required in the same lesson, 
the bottle may be dried in the oven before next class.) 


Other Suggested Experiments 
(1) Find the density of lead shot. Weigh out a large 
number. ‘Transfer these to a burette containing some water 


and so find the volume. 
(2) Obtain a hollow cube 3 in. x 3 in. x 3j in. high, 


which can be suspended from a spring- 
balance bj means of attached wires shown je 
Fill with [| 


in fig. 66. Note the weight. = 
water to a depth of 3 in. and weigh again. [ 
The volume of water is ;'; cu. ft. Find 
the weight of a cubic foot of water. A 
spring-balance reading to 2 lb. in ounces 
is suitable for this experiment. 
(3) If a large spring-balance is avail- 
able, weighing, say, to 15 or 20 Ib. by 


ł} 1b., the density of sand can be found Fic. 66. 


as follows :— 

Weigh first a bag of sand, then a large stoppered bottle 
full of water, together with the bag of sand. Then empty 
the sand into the bottle and fill up with water. Weigh again 
(including the bag). The difference between the last two 


weighings is the weight of water displaced by the sand. Since 
ume of the sand can 


62-5 Ib. of water occupy 1 cu. ft., the vol > of 
be calculated in cubic feet, and then the density in pounds per 
cubic foot. : 

(4) Find the weight of one pint of water, and from it calculate 


the weight of a gallon in pounds. 


CHAPTER VII 
BUOYANCY. THE PRINCIPLE OF ARCHIMEDES 


Buoyaney—Attach a large iron weight to a cord and suspend 
it on the hook of a spring-balance (fig. 67a). Raise a bucket 
of water underneath and watch the indicator of the balance 
as the weight is gradually immersed. What do you notice ? 


Broomstick 
placed across 
space between 

two benches 


UR Household 


Scale 


Fra. 67a. Fra. 67b. 


When the weight is being immersed can you lift the bucket as easily 
as you could before? Now repeat the experiment, using the 
apparatus shown in fig. 67b. 

These experiments illustrate a fact that you must have 
noticed when floating on water—the water appears to push 
youup. Thus objects which are wholly or partly immersed in 


1 A14-0r28-Ib.weighton aspring-balancereading to 301b, willdo well. 
62 
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water appear to weigh less than in air. This tendency of liquids 
to support part of the weight of objects immersed in them is 
called buoyancy. 
It is this buoy- 
ancy which sup- 
ports a ship. 

To discover the 
Law of Buoyancy 
—(1) Fill a bucket 
or a large tin can 
to the brim with 
water and let it 
stand in a large 
shallow dish ; p xg 
roasting-tin will serve quite well. 


Hang a large iron weight 
from a spring-balance ; note 
its weight. Now slowly lower 
it into the water until it is 
completely immersed. Note 
the reading on the spring- 
MAD CT balance. Record the loss in 

weight, The iron weight 
has displaced its own volume 
of water, and the water 
displaced has been caught 
in the tin. Remove the 
weight carefully, so that no 
more water splashes over 
into the dish. Remove the 
bucket carefully. Pour the 
water from the dish into a 
weighed tin can. What is 
its weight ? What was the 
apparent loss in weight of 
the piece of iron? What 
conclusion do you draw from 

Fic. 69.—West’s apparatus ihis experiment ? 
(2) Fit up the West’s apparatus * shown in fig. 69. The 
1 Obtainable from Becker & Co., or Philip Harris & Co. 
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glass tube is graduated in cubic centimetres. First note the 
reading of the spring-balance with the cube of 8 c.c. volume 
suspended in air. Then lower the cube intothe water. Note 
thenew reading of the balance. Now carefully add water to the 
graduated tube by means of a pipette until the reading of the 
spring-balance is the same as at first. What volume of water 
haveyouadded? Whatweight of water has been added ? What 
volume of water is displaced by the cube ? What is its weight ? 

Repeat the experiment, using 2 cm. cubes of several metals 
in turn. Iron, aluminium, copper, lead, tin, and zinc may 
be used by various members of the class and the results 
tabulated on the blackboard thus : 


Spring-balance readings Weight of the 


Volume Apparent | volume of 
Metal of water E loss in water which 
displaced Metal in Metal in weight restores the 
air water balance 
e.c. grm. grm, grm. grm. 


The experiments (1) and (2) show that the upthrust (or 
buoyancy) of water on an immersed solid is equal to the weight 
of the water displaced. 

Younaturally ask : Doesthis apply to other liquids besides water? 

Try the experiment with methylated spirits and with brine 
in turn, using the same liquid in beaker and graduated tube. 


Results : 


a) @) 6) w | ®© (6) o 
Spring-balance 
Volume readin; Weight of the 
Liquid used | Metal | of liquid zn A puetent 


i —— —  — — —— | losin | Volume of liquid 
displaced | Metal | Metalin | weight | Which restores 
in air liquid the balance 


Methylated y E |e || erm gm. 
spirit 


Brine 
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Can you suggest a reason for columns (3) and (7) not reading 
the same number as they did in the case of water ? 

The experiments suggest that— 

The upthrust of any liquid on an immersed solid is equal 
to the weight of liquid displaced. Its application to gases will 
be dealt with in Chapter VIII. 

This is known as the Principle of Archimedes, after its 
discoverer. 

The story goes that Hiero, King of Syracuse, provided a 
jeweller with some gold to make a gold crown for an offering 
to the gods. When the crown was delivered, the King sus- 
pected that the goldsmith had alloyed the gold with silver, and 
so had cheated the King of some of the gold. Hiero asked 
Archimedes to find out if this was so. Whilst thinking over 
the problem Archimedes is said to have noticed, when in a 
bath, that his limbs were buoyed up, and this gave him the 
idea of making experiments to discover the extent of this 
buoyancy. He is said fo have been so elated that he ran 
home through the streets, forgetting to dress himself, shout- 
ing out “Eureka!” (I have found it!). Although he was 
known to be absent-minded, it is more than likely that this 
is a fable. e 

Archimedes was a very remarkable man. He was a great 
mathematician, and one of the first scientific experimenters. 
When he was an old man the Romans besieged Syracuse, and 
Archimedes applied his knowledge in the construction of cata- 
s for dropping heavy weights on the enemy 
beneath the walls. Itis said that one of his 
contrivances grappled the prow of ships, lifted them clean out 
of the water, and then let go so that they were swamped. The 
Romans were so much afraid of him that the Greeks had only 
to put a piece of rope or a plank over the walls to make them 
flee, crying “ Here he comes!” Eventually the Romans took 
the city, but their general admired Archimedes so much 
that he gave orders to save the great man at all costs. It is 
said that Archimedes was deep in a mathematical problem, 
drawing figures in the sand, and did not notice the approach 
of a Roman soldier, who trod on his diagram. “ Stand away, 
fellow, from my diagram,” Archimedes is reputed to have said, 


pults and machine: 
ships as they sailed 
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and pushed the man off. Enraged and not knowing who he 
was, the soldier slew him. 


Experiments using Archimedes’ Principle—Archimedes' 
Principle gives us an easy means of finding the volume of any 
solid which sinks in water. Suppose the solid appears to lose 
20-5 grm. in weight when completely immersed in water. Then 
20-5 grm. is the weight of water displaced, and since every 


gram of water occupies a volume of 1 c.c., the volume of the 
solid is 20:5 c.c. 


The relative density * of a substance is 


The weight of the substance in air 
The weight of an equal volume of water, 


i.e. 
The weight of the substance in air 
The upward thrust of water on the substance when" 
totally immersed 


For instance, l c.c. of copper weighs 8-9 grm.; 1 c.c. of 
water weighs 1 grm. 


j 8:9 
The relative density of copper is thus To =8-9. 


Note that this is the same number as the d 
in grams per cubic centimetre. 
density of a substance, 
centimetre. 

You should now 
which sink in water, 


Use any kind of spring-balance, 
and use various sizes of solids from the cubes already used, 
and large lumps of coal, etc. Before trying porous substances, 
such as a brick or a piece of chalk, give them a coat of varnish 
or cellulose ? so that they 


do not become waterlogged. 
Arrange your results thus : 


ensity expressed 
Thus if we find the relative 
we know its density in grams per cubic 
find the relative density of various solids 


graduated in lb. or grm., 


1 Sometimes called specific gravity. 
* Celluloid dissolved in amyl acetate will do, 
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MET EE Weight : 

5 Weight in Weight in Relative a 
Substance AE winter 25 ted density Density 
a grm./c.c, 

Glass . | 25-5 grm. | 15-0 grm. | 10:5 grm. 24 2-4 

Iron .| 561b. 48 Ib. 8 Ib. 7-0 7-0 


To find the Relative Density of a Liquid—Find the apparent 
loss in weight of a large glass stopper or pebble (a) in the given 
liquid (brine or methylated spirits), (6) in water. 

Are the volumes of liquids displaced the same ? 

Are the weights of liquids displaced the same 2 
. (Refer to footnote on p. 62.) 


Results : 


Weight of stopper | Weights of displaced | Relativo 
density of 
liquid 


L 
EE (a) Q» © 


ee | an-water | in liquid | een liquid 


o 
Salt solu- 
tion 


Methylated Le F o 
Spirits | 


To find the Relative Density of a Body which Floats, using 
Archimedes’ Principle—(a) Attach a piece of sheet lead to a 


ef Sheet lead 


(a) 
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fine wire. 
the reading. 

(b) Twist the wire roun 
the spring-balance again, 
air ? : S 

(c) Untwist the wire, Wrap the cork in the sheet lead anc 
immerse both in water. Read the spring-balance. What is 
the upward thrust of the water on the cork? Find the relative 
density. 


Weigh it hanging in water (fig. 70) and record 


d the cork as shown in (b). Read 
What is the weight of the cork in 


Results : 


Readings 
(a) Weight of lead in water 


=67-0 grm. 
(6) Weight of lead in water and cork in air =70-0 ,, 
(c) Weight of lead in water and cork in water=51-0 ,, 
Weight of cork in air = 30 , 
Upthrust of water on cork =19:0 , 
Therefore relative density of cork , = 0,15 ,; 


Does it matter what size of lead foil is used in this e 


5 1 
aperiment : 


G 


CHAPTER VIII 
FLOTATION 


WEIGH a large block of wood in air. Allow it to float on the 
surface of some water in a bucket so that the string is slack. 
What does it appear to weigh now? How much of its weight is 
the water supporting ? 

Prepare the apparatus shown in fig. 68 (p. 63), the large 
can being full of water to the brim, and the shallow dish being 
dry. Gently lower the block into the water until it floats. 
Weigh the water which overflows and compare its weight with 


that of the block of wood. 

This experiment shows that RN 

A floating body displaces its own weight of liquid, i.e. the 
upthrust of a liquid on a floating body is equaPto the weight 
of the latter. » 

When you read that a ship has a displacement of 20,000 tons, 
this means that when loaded so as to be immersed to a mark 
called the Plimsoll line the ship and cargo weigh 20,000 tons. 
The Plimsoll lines are shown in fig. 71. In fresh water the 


Fro. 71.—The Plimsoll line 
t i S «Summer 
LR =Lloyd’s Register EU 


, FW =Fresh water 
69 
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ship may be loaded so as to sink to FW. 


An Iceberg — 


Fra. 72. 


On reaching the 
sea the greater buoy- 
ancy will raise the 
ship to the mark S 
in summer and to W 
in winter. LR shows 
that the loadline has 
been fixed by Lloyd's 
Register of Shipping. 

Icebergs— The den- 


sity of ice is 0-917 grm. per c.c., that of sea-water is about 
1:026 grm. per c.c. Thus ice will float, but with only a small 


fraction of its volume 
(b approx.), above the 
water. It is the 5ths 
immersed which makes 
an iceberg dangerous to 
a ship if it approaches 
too near. 

Hydrometers — You 
are provided with a 
long rectangular piece 
of wood in one end of 
which is embedded a 
block of metal to make 
itfloatuprightin water.! 
It is marked from this 
end in centimetres 
along its length. This 
can be used as a hydro- 
meter. Note the depth 


which is immersed in water (h 
If A is the area of the end, 
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1) in a liquid such as brine (ha): 


What is the volume of water displaced ? 
What is the weight of water displaced ? 
What is the volume of liquid displaced ? 


1 Note—A test-tube with flattened end, load 


will do for this experiment. 
inside. 


e ie ed with lead shot, 
A piece of graph paper should be stuck 
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These volumes are of equal weights (why ?). The density 
of the liquid is thus— 
Weight of liquid displaced by hydrometer 
Volume of liquid displaced by hydrometer 
Weight of water displaced by hydrometer 
Volume of liquid displaced by hydrometer 


Ah, hı 
TINE hy 
86 Density of liquid Depth in water 
ve eo nate ~ Depth in liquid" 
Results : 
Liquid Water ‘Brine T 


Depth hyðrometer is 
immersed . i 
Density of liquid 


Hydrometers are of great practical 
use—you are probably familiar with 
the fact that hydrometers are used for 
finding the density of the acid used 
in accumulators. They are also used 
for testing milk. Hydrometers for 
the latter purpose are called lacto- 
meters. If milk is allowed to stand 
the cream rises to the top, and may 
be skimmed oft. Will the density of 
the skimmed milk be less or greater than 
that of unskimmed milk ? Give reasons. 
The density of good quality cows’ milk 
varies from 1-029 to 1:033. Lacto- 
meters are graduated in “ degrees,” 
from 15° up to 45°. The former corre- 


i 4 th Fic. 74 
Pponde tog density orpo: eng tne Common hydrometers 


latter to 1-045. For aceurate work 
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hydrometers are made with a large bulb and a thin stem, allow- 
ing the divisions to be spaced out more. In the diagram two 
are shown, one for liquids of less and the other for liquids 
of greater density than water. Note that the divisions are 
not equally spaced. 

Submarines and Balloons—Half fill a jar with water. Place 
in this a fresh egg. This sinks, showing that the weight of 


the egg is greater than the wei 


d ght of an equal volume of water 
(fig. 75 (a)). 


Repeat, using a strong solution of common salt. 


Pariscopes. 


Verticai 
Rudders 


Water Tanks Drop Keel Water Tanks. 

Gaz SESE 
eee UND 
- EAZ 


ESSE 
Hydroplanes 


H 
Fuel Gi! Water Tanks Fuel Oi "94 Planea 
Fic. 76.—Submarine (section) 


The egg floats. Why? Now pour fresh water 
the salt water. If you do this carefully the two liquids will 
only mix in the middle and the egg will float half-way 
(fig. 75 (c)). Evidently the weight of the egg is then exactly 
equal to the weight of the liquid which it displaces, - : 


a 


gently into 


|" 


o 
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This simple experiment provides the clue to the questions : 


(1) How ean a Submarine Remain under Water?—If the 
submarine is floating? its weight is less than that of an equal 
volume of water. In order to sink it the weight must be 
increased. This is achieved by taking in water until the 
weight of the vessel is slightly more than that of the water 


[Times photo] 


The Graf Zeppelin at Cardington. R 100 in the background 


displaced. When the submarine wishes to rise, some of the 
water is forced out by releasing compressed air. 

(2) Why does a Balloon Rise ?—Balloons usually contain 
hydrogen, a gas which is only about a fourteenth as dense 
as air, The air exerts an upthrust on the balloon in exactly 
the same way as water exerts an upthrust on things immersed 
in it. If the upthrust is greater than the total weight of the 
balloon, including the fabric, basket, ropes, gas, and pas- 
sengers, the balloon will rise. The air near the ground is 
compressed by the weight of the air above in very much the 
same way as air may be compressed in an air-gun. Thus 
the higher one goes the less dense the air becomes. The 


6 
^t 
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7 rising when its total weight is exactly equal to 
Cru m ui If the balloonist wishes to rise higher, 
he drops ballast overboard, usually in the shape of sand; if 
he wishes to descend, he opens a valve and lets some of the 
hydrogen out of the gas-bag. 

Airships are very much like balloons, except that they 
have motors attached to enable them to fly in all directions 
instead of drifting like balloons. 

Hydrogen is a very inflammable gas, and the tragic loss of 
the great airship R 101 by fire in October 1930 has drawn 
attention to the necessity of replacing hydrogen by another 
gas, helium, which will not burn. Helium is twice as dense 
as hydrogen, but is still only about one-seventh as dense as 
air. Itis a very rare gas, but quantities of it may be obtained 
in certain parts of the world, issuing from oil wells. Most 
people naturally think that as helium is twice as dense as 
hydrogen it will only lift half as much. Let us find out if 
this is correct by the following example :— , 

An airship has a volume of 10,000 cubic metres. How much 
weight will it lift when filled (a) with hydrogen, (b) with helium 2 

Density of hydrogen is 0:09 grm. per litre. 

2 helium  ,, 0:18 

SD , 1-29 
Weight of air displaced by balloon 

=1-29 x 10,000,000 = 12,900,000 grm. = 12,900 kg. 
Weight of hydrogen in the balloon 

— 0:09 x 10,000,000 900,000 grm. 
Weight of helium in the balloon 

70:18 x 10,000,000 = 1,800,000 grm. — 1800 kg. 

Weight can be added until the total weight of the balloon 
is equal to that of the air displaced. 

-. Weight the hydrogen balloon will lift 


= 12,900,000 — 900,000 = 12,000,000 grm. = 12,000 kg. 
Weight the helium balloon will lift 

=12,900,000 — 1,800,000 = 11,100,000 grm. 

Thus for every 120 

lift, 111 grm. or Ib. 


» » 


” ” 


= 900 kg. 


=11,100 kg. 
grm. or Ib. that a hydrogen balloon will 
will be lifted if fled with helium. 


o 


CHAPTER IX 
EXPANSION BY HEAT 


Ir is a matter of common observation that telegraph wires 
appear to be much tighter in cold weather than in hot weather, 
and every boy and girl knows that this is because they expand 
when heated and contract when cooled. Most substances, 
solids, liquids, and gases, expand when heated; a few, such 
as indiarubber, contract when heated. Some alloys have been 
made which do not expand when exposed to a high degree 
of heat. A knowledge of the expansion or contraction of 
substances when heated is of great importance to the engineer. 
For instance, the performance of a petrol engine depends on 
the pistons fitting the cylinder closely but not too tightly, 
and as both become very hot indeed when the engine is 
working, it is important that they should expand equally. 
To get some idea of the behaviour of solids, liquids, and 
gases when heated you should perform the following experi- 
ments. 


(A) Solids 

(1) Place a flat cake-tin on a tripod stand and heat by 
means of a Bunsen flame placed under the centre of the 
tin. Stand so that the tin is between A 
you and a window and watch what 
happens (fig. 77). Does the tin re- 
main flat? Which part of the tin is 
the hottest? Why, then, does the tin 
buckle in the middle? Turn out the Saul J 
Bunsen and pour a little cold water Heat 
into the tin to cool it. Again note Fro. 77. 
and explain what happens. 

(2) Push one end of a knitting needle into a cork and 
fasten this firmly in a clamp so that the other end of the 
needle presses against the base of a retort stand (fig. 78). 


75 


a m 


Heat 
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Heat the needle by a Bunsen flame. Whathappens? Remove - 
the Bunsen and watch what happens when the needle cools. 

(3) Now support the needle so that: its lower end is just 
touching the surface of some water in a beaker (fig. 79) 


Knitting 
Needle 


Heat 


Fic. 78. Fic. 79. 


Heat the needle as before. 
is touching the water ? ; 

In the first experiment the needl 
expanding downwards, 
were sufficient to bend th 


What happens to the end which 


e was prevented from 
The forces exerted during expansion 


eneedle. Inthe other experiment the 
needle was free to expand downwards, and it was plainly seen 
that the point went into the water when the needle was heated. 


(4) That enormous forces may be exerted by contracting 
metal is shown by the following experiment. The rod B 
(fig. 80) is heated to redness in a fire and placed in position 


Expansion by Heat ; irf 


, with a fie F through the hole, and the nut on the other end 


is screwed tight. On cooling the file snaps. 

(5) Fig. 81 shows a thin bar of brass riveted to a similar bar of 
iron. Hold by the wooden handle and pass several times through 
a flame. What happens Des 
io the compound bar? [AUO 
Which expands most when Tron 
heated under the same con- Fro. 81. 
ditions, brass or iron ? 

The experiments suggest that metals expand when heated, 
but different solids expand by different amounts when heated. 
under the same conditions. An 
interesting application of the 
compound bar is in the calor- 
meter fitted to the radiator of 
many motor-cars. 


The Calormeter (fig. 82)—A 
short compound strip of brass 
and iron is soldered at one end 
to the bottom of a non-expand- 
ing case. The upper end is at- 
tached to arigid strip of metal, 
which hooks round a pin con- 
nected to a lever as shown. 
When the temperature rises the 
(uw compound strip bends, and 

this causes the lever to move 
about the fixed pivot. The 
cogs at the upper end of the 
Non-expanding tube lever move the cogs of the in- 
a user’  dicator, causing it to turn round. 
The working should be clear 

from the sketch. 


Wormal 


Rigia metal strip 


Compound strip 

gron (B) Liquids 

Fic. 82.— The Eae (1) Fill a glass specimen tube 
about 3 in. by 1 in. diameter 

Fit a bung to it through which passes & 

@little fluorescein so as to be visible. 


Brass 


with cold water.t 
1 Coloured green by 
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piece of thick glass tubing of about.^-in. bore. On pressing 
the bung into the specimen tube some of the water will rise up 
the tube to position A, which should be marked on the paper 
as shown in fig. 83. Holding the vessel by 
the neck, plunge it into some hot water. 
Keep your eye on the mark A. 

What happens (a) immediately the vessel, is 
in the hot water ? 


What happens (b) during the few minutes or 
so afterwards ? 


Repeat the experiment two or three times 
to make sure you have observed everything. 
Start with fresh cold water each time. 

Section of 


ic (i) Which became hot first, the vessel or the 
tubing . . . 
water inside it ? 


(ii) Did the vessel expand? Give reasons 
for your answer. B 


(iii) Which eventually expanded the more, the 
vessel or the water ? 


After the vessel has been standing in hot 
water for some time plunge it into cold water. 
Make notes of all that happens, and give any 
explanation you can of what you observe. 

Now fit up three Specimen tubes of the same size with 
bungs, and glass tubes about 18 in. long and ,',-in. bore. Fill 
one with water, another with methylated spirits, and the 
third with mercury. Insert the bungs and mark the levels 
A, B, and C (fig. 84). Place the specimen tubes carefully in 
a bowl of hot water and watch the levels until they have 
ceased to move. 


Do equal volumes of these liquids expand equally when heated 
under the same conditions 2 


Arrange the liquids in order of their 


l expansion, putting the 
most expansible first. 
1 This should be done by the teacher. 


A wooden t; uld be 
underneath to save the mercury in case of accidents. FERS 
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(C) Gases 

(1) Fit a flask of about 300 c.c. capacity with a bung 
through which passes a long tube (fig. 85). Take out the bung 
and draw some coloured water into the tube. Keep the tube 
horizontal and press the Dung into the flask, 
which must be lying on its side, so that 
the water does not run out before the bung 
is in position. Arrange for the index to 
be just above the bung. Stand the flask 
on the bench. Place your warm hands on 
the flask. What happens to the water in the 


tube, and why ? 
Repeat, using a similar flask full of water. 


Which expands most, air or water, when 
heated under the same conditions ? 


1 Inserting the stopper 
d 
= 


Es 


Fia. 85.—Experiment on expansion of air 

different gases expand differ. 
en tube 3 in. long and 1 in, 
.holed rubber bung through 
as shown (fig. 86 (a) and (b). 


(2) Do equal volumes of 
ently when heated? A specim 
diameter is fitted with a two 
which passes glass tubes?a and b 
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Water containing 


lumps of ice 


‘Specimen tube 


" 


There should be ice. 
present throughout 


Fr. 86 (a). 


water, the end of the pipette 
beaker during the transference. 


from the end of the 
pipette, the apparatias 
is transferred back again 
to the ice cold water. 
It is then observed that 
the water from the 
beaker rises up the 
pipette to a certain 
point on the stem, which 
can be marked by 
gummed paper. Do the 
experiment with air, 
coal-gas, hydrogen, and 
oxygen, all carefully 
dried, and find out 
whether the water rises 
to exactly the same 


* Air and other gases should be drie 


containing calcium chloride. 


The tube a is fitted with 
a rubber tube and a clip, 
and,serves as a means of 
introducing any dry gas.! 
The tube b is connected 
to a 10-c.c. pipette. The 
specimen tube is filled 
with gas while it is stand- 
ingin a container in which 
there is ice cold water. 
When sufficient gas has 
been passed into the speci- 
men tube a beaker con- 
taining water is placed 
under the lower end of 
the pipette. The appara- 
tus is now transferred into 


t can containing boiling 


being kept under water in a 
When bubbles cease to pass 


Water heated 
to boiling point 


Fic. 86 (b). 


d by passing through a U-tube 
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, mark in each case. You should now be able to say whether 


equal volumes of different gases expand equally when heated 
under the same condjtions. 
This behaviour of gases is most important and will be 
referred to again later. 
Your experiments have taught you that: 
(1) As a rule, solids, liquids, and gases expand when heated, 
and that the expansion of gases is much greater than that of 
solids or liquids. 
(2) That equal volumes of different solids and liquids expand by 
different amounts when heated under the same conditions ; but 
(3) Equal volumes of different gases expand equally when 
heated under the same conditions, 
The last-mentioned fact is very surprising and also very 
important, as will be seen later on. 


Some Practical Applications of Expansion by Heat 
(1) Railway Lines 
Next time you are on a railway station notice the joints 
where two rails join (fig. 87). (It is not advisable to get 
e 


owing spaces left between 
rails for expansion 


Portion of a railway track sh 


(Courtesy of the London and North-Eastern Railway) 


off the platform for this purpose !) You will observe a gap 
between the rails. Thógaps are left to allow for expansion in 
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summer. In a long railway, like the Canadian Pacifie, which 

————ÀÀ is 3000 miles long, total 

i cpe holes allowance for expansion 

in rail 1 

MM adds up to over a mile. 

Bail Fish plate The connecting pieces 

(called fishplates) be- 

tween the rails are fas- 

tened to the latter by 

bolts and nuts, and the 

holes in the rails through 

which these pass are oval 

in shape, and of a larger diameter than the bolts to allow play 
when expansion occurs. Spring 
washers allow the nuts to keep 
tight and yet allow for expansion. 

(2) Steam Pipes 

Metal tubes for carrying steam 


are bent, as shown in fig. 88, to ` HE 
allow for expansion. ta 


(3) Iron Tyres 

In fitting iron tyres to 
wheels the tyre is made & 
little smaller than the wheel 
and is slipped on when red- 
hot. On cooling it grips 
tightly. In this way loco- 
motive wheels are built up, 
and also the barrels of big 
guns. 
(4) Tie Rods ` 
: You haye probably no- 
ticed two large iron cross- 
Pleces on Opposite outer 
walls of an old building (fig. 
89). These are connected by 
a long iron bar passing 
through the building, The 
nding it with cotton-wool 
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» soaked in oil or spirits, which is ignited. Whilst the bar is hot 
the bolts are screwed up tightly, and on cooling the contraction 
of the bar prevents the walls from leaning outwards. 


(5) Tramway Lines 

Tt is somewhat remarkable that tramway lines are welded 
together, for one would naturally expect them to buckle 
when exposed to the varying temperature of summer and 
winter. That this does not happen is probably due to the 
following reasons :— 

(a) The rails extend some inches below the surface of the 
road, and as the road material is a bad conductor of heat, 
the temperature a few inches below the surface does not vary 
very much at different times of the year. 

(b) The rails are embedded in concrete, which takes up any 


strain which is set up. 


(6) Thermostats 
The thermostat is an apparatus for maintaining a uniform 
temperature. The ‘ Regulo,” which is a kind of adjustable 
e 


Opening (variable? through which gas passes 
on its way to the oven Tan. by-pass 


sS 
Spring pressing A 
firmly on R 


Disc-valoe 


Fra. 90.—The ** Regulo 


thermostat, has already been referred to (see p. 8). Its 
object is to adjust the supply of gas so as to maintain the 
The “ Regulo " is shown in 


oven at a steady temperature. : 
fig. 90. The outer tube ™ expands when heated, and as it does 
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so it pulls rod R with it. The spring presses rod A on to R so ` 
that the opening O, through which the gas passes on its way to 
the oven, is reduced in size. The opening O may be set to 
different widths by turning the head and bringing the figures 
1, 2, 3, 4, etc., opposite the pointer F. In the diagram the 
figure 4 is set opposite the pointer. As the gas burns and heats 
the oven, the tube expands and the opening O begins to close, 


Qas supr. !y 


Ground 
_» Joint 


Baird & E 
Fic. 91.—Thermostat DL 


When a certain temperature 
Ve 1$ prevented from closing 


! Invar. An alloy of nickel, 35 per cent., and steel, 65 
which is practically non-expanding with heat. s LU nd 
use in clock pendulums and in many other ways, a S 


> 
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A thermostat which utilises the expansion of gases 1s shown 
in fig. 91. A metal vessel, A, containing air is connected to a 
special Bunsen which has a by-pass, through a glass vessél, 
B, as shown. The by-pass is always connected to the gas 
supply, but the Bunsen main supply has to pass through B by 
way of the central tubes and the side tube C. The screw S is 
unscrewed so that A is in connection with the air outside, and 
the Bunsen is lit. The vessel heated is stirred, and when it 
reaches the required temperature S is screwed down, so cutting 
off A from the outside air. If the temperature rises farther, 
the air in A expands and forces the mercury in B up the 
inner tubes, cutting off the main supply to the Bunsen. The 
Bunsen flame then goes out. As the temperature of the vessel 
falls, the air in A contracts and the mercury falls again, 
allowing the gas to flow once more. It is lit by the by-pass 
jet.* 

1 The Bunsen is prevented from lighting back by a layer of gauze 
soldered on the chimney. 


CHAPTER X 


THERMOMETERS, AND HOW THEY ARE 
GRADUATED 


Ir ever you are ill, one of the first things the doctor does is to 
take your temperature by means of a small thermometer, the 
of which is placed under your tongue for a minute or so. 

In the bulb of the thermometer is some of that interesting 
liquid, quicksilver or mercury. The bulb expands when it is 
warmed, but the mercury expands more than the glass and 
pushes its way along the very fine bore of the tube. When 
it has stopped expanding the doctor reads your temperature 
by observing the position the mercury has reached on the stem. 
Common observation shows that if we put together two 
bodies at different temperatures the hotter body becomes 
cooler and the cooler body becomes warmer, irre- 

Spective of their sizes. The hotter of two bodies 

| is said to be at the higher temperature. The com- 


monest instrument for measuring temperature is the 
| mercury thermometer, 


thermometer is a Special art, and it is not advisable 
for young pupils to attempt it. 

A bulb is blown on € 
a very fine bore. The 
are filled with mercury. 


| The Mercury Thermometer— Tho making of a 


J intended to read and the. 

Fra, 92, graduate the thermometer we Te 
points, which are marked b 

meter in turn in substances at definit. 
peratures. Nature has provided us 
temperatures, in the temperature at whi 
the temperature at which pure water 

86 


e and Unvarying tem- 
with two such fixed 
ich pure ice melts and 
boils when the pressure 
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of the surrounding atmosphere is normal, i.e. 76 cm. of mercury. 
The level reached by the mercury in the stem 
is marked when the bulb is in (a) pure melting 
ice, and (b) in steam over water boiling under 
normal pressure. We immerse the thermo- 
meter in steam because this will be pure, 


F c 


212" 100 


180 
Divisions 
I py i 


3 Fro. 94. 


Upper fixed 
point. 


100 
Divisions 


Lower fixed. 
point 


Fia. 9: 

Apparatus for marking 

the upper fixed point 
of a thermometer 


whether the water is or not. The apparatus suitable for this 


purpose is shown in fig. 93. 

Tf the thermometer is to be graduated 
in Centigrade (100 steps) degrees, the lower 
fixed point is called 0° C. and the upper 
100? Č., and the space between is divided 
into 100 equal parts; if in Fahrenheit, 
these points are marked 32° F. and 212° F., 
the space between being divided into 180 
equal parts. This is shown in fig. 94. 


Experiments with Thermometers 
1. In the Neighbourhood of the Lower 
Fixed Point—Fit up the apparatus shown 
in fig. 95. 
(i) Hold the thermometer in the funnel 
Note the 


and surround it with small pieces of broken. ice. t 
reading, estimating to 0-1? C. Be sure you view the reading 


squarely. ^ 
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(ii) Now sprinkle a teaspoonful of salt on the ice and note 
the reading. Add still more salt. 


Enter results as follows :— ‘ 
Reading in pure melting ice 

p » ice and salt (a) T 

2» »  » additional salt (b)=.... 


What effect has the added salt on the temperature? To fix 
the position of the lower fixed point of a thermometer, a mark 
is made at the point reached by the mer- 
cury when in pure melting ice. 

Why should the ice be pure ? 

If your thermometer reads plus 0-5° C. 
in melting ice, the reading requires a correc- 
tion of minus 0-5? C. If it reads minus 
0:2* C. the correction is plus 0-2? C, 

What is the correction necessary for your 


thermometer at the lower fixed point ? 


2. In the Neighbourhood of the Upper 
Fixed Point—rit up the apparatus shown 
in fig. 96, 

Heat about 1 in. depth of water in flask 
until it boils. Arrange the clean thermo- 
meter to hang in the steam as shown. 


Make sure it is firmly fixed in the cork and 
Fic. 96. stand. 


Reading—to be estimated to 0-1* C 
(1) Note the readin 
steam, 
(2) Lower the thermometer i. 
reading again. 
(3) Remove the thermometer and wash it clean. Add 


about a teaspoonful of salt to the water, Place 


the clean thermometer in the steam and note the 
reading. 


g with the thermometer bulb in the 


nto the water and note the 


(4) Lower the thermometer into the salt Solution and 
read again. ^ 
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Record results as follows :— 


Readings of thermometer : 
(1) In steam above boiling water=....° C. " 
(2) , boiling water Pat ee A Ok 
(3) ,, steam above boiling brine 
(4) , boiling brine Sint On 


What do you notice about 
(a) The readings in the steam 2 
P z 57 „ boiling liquids ? 

The upper fixed point of a thermometer is marked by noting 
the level of the mercury when in sleam over boiling water. 
Why not in boiling water ? 

Boil some water in a round-bottomed flask. When it is 
boiling, remove the source of heat and put in a bung fitted 
with a thermometer. Turn the flask up- 
side down as shown; place a basin under- 
neath ard pour cold water on the top. 
The water continues to boil, and the 
temperature falls lower and lower as you 
continue to pour on more water. The 
flask contained only water and steam, all 
the air having been driven out when the 
water was boiled before the bung was 
inserted. The steam was condensed by 
the cold water and the pressure above 
the water was reduced. The water boiled 
in an attempt to keep the space full of 
steam. The experiment shows that water 
may be made to boil at different tempera- 
tures by altering the pressure, and shows the 
importance of specifying a fixed pressure in Fic. 97 
the definition of the upper fixed point. The Water boiling under 
pressure specified is normal atmospheric reduced pressure 
pressure. (See Chapter XII.) 

In a locomotive boiler the water boils under increased 
pressure and its temperature is well above 100° C. 


An apparatus for testing the upper fixed point of a 
" 


Cold water 
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thermometer was shown in fig. 93. The scientific instrument 
for this purpose is called a hypsometer, and is shown in fig. 98. 


100- 200- 400- 
50: 
50° 
50° 
E è & 
Fic. 98.—A hypsometer Fic. 99. 


It may also be ased to find the normal boiling-point of a liquid. 


7 


Note that bulb and 
Stem are immersed 
inthe vapour above 
the boiling liquid. 
Fig. 99 shows 
three mercury ther- 
mometers gradu- 
ated from 0? C. to 
100* C., 400? C., and 
200°C. respectively. 
o The bulbs are all the 
Same size, How 18 
it possible for these 
thermometers to have 
such different ranges? 


Ca oria The normal boil- 
Ty is 357^ C., and yet mercury thermo- 


ght which are greduated to 400° Œ. This 


N 
S 


» 
© 
o 


Degrees Fahrenheit 
S 


60 
Degrees Centigrade 


Fra. 100. 


ing-point of mercu: 
meters may be bou: 
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is achieved by having a gas such as nitrogen in the space 

' above the mercury. When the mercury rises up the stem, 
this gas is compressed sufficiently to prevent the mercury 
boiling at its normal boiling-point. 


To Construct a Graph for Interchanging Degrees Centigrade 
and Degrees Fahrenheit (fig. 100)'—On a sheet of squared 
paper draw two lines at right angles for axes of C. and F. 
as shown, and allow each scale to extend from the upper 
fixed point to —50°. Mark the fixed points A and B and 
join by a straight line. Use the graph to fill in the follow- 
ing tables :— 


(a) 


Degrees C. | 10 20 30 40 | 50 60 70 80 


Degrees F. | 


o 


(b) 


Degrees F. | 0 10 20 


Degrees C. | S 


(c) From the graph find out at what temperatures the two 
scales read alike. 

Maximum and Minimum Thermometers—It is often useful 
to be able to tell the maximum or minimum temperature 
reached during a certain period. This is specially important 
in greenhouses, where too low or too high a temperature may 
cause serious trouble to sensitive plants. It would be rather 
tedious to sit up all night reading a thermometer, and this is 
avoided by making use of maximum and minimum thermo- 
meters. V 

Minimum.—Rutherford’s minimum thermometer (fig. 101) 
contains alcohol instead of mercury, and is hung in a horizontal 


1 Note—It is useful to have such a graph on the wall of the laboratory 
so that F. and C. thermometers can be used at will and their scales 


converted one into the othes. 
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position. In the stem is a small glass pin, which is dragged 
back by the meniscus as the temperature falls and is left at 
the lowest point reached. To re-set the thermometer it is 
gently tilted, when the pin falls to the meniscus. 


t mmm 
Magnified view 
of bore 


Fic. 101.—Rutherford's minimum thermometer 


Minimum 


Maximum—Rutherford’s maximum thermometer is similar, 


but contains mercury, which pushes the pin along as the 
temperature rises (fig. 102). 


TII, 
Qmm —— ——, TUTTI 


L7 


Maximum 


Fic, 102.—Rutherford's maximum thermometer 


Six’s Combined Maximum and Minimum Thermometer— 
This is shown in fig. 103, which you should study. To re-set 


Alcohol 


Expansion 
Chamber 
Alcohol 
120°F, 
Maximum -» Spring Index 
—> Minimum 


SS AAT 


Fra. 103. 


the steel pins a magnet is used. The alcohol in A is the 
expanding liquid; the mercury acts as an index (although 
it expands as well, but not by any means so much as the 
alcohol. Why not?). B is an expansion chamber, What 
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» would happen when the temperature rose if there was no space 
above the liquid in B ? 
The Clinical Therniometer—Clean the bulb of an ordinary 
thermometer. Place it under your tongue for a minute or 
two and then read your temperature. If the thermometer 


is marked in Centigrade, convert the reading into degrees 


Fahrenheit by means of your graph. A healthy body should 
you experience in trying 


“be at 98-4° F. What difficulties did 

to read your temperature in this way? Togetover the difficulty 

we require a suitable maximum thermometer, and such a one 
Examine this and point 


is a clinical thermometer (fig. 104). 
out the differences you notice between it and the usual 


Constriction - magnified view 


Constriction 


Fra. 104. 


ermometers. DO not pay too 


much attention to the time marked in the instrument. It 
often takes a so-called “ half-minute ” thermometer about two 
minutes to reach the temperature of the body. 

When the clinical thermometer is taken out of the mouth 


or from under the armpit (it is unsafe to place one in a baby’s 
mouth) the mercury thread breaks at the constriction and 
so the temperature can be read. To re-set the thermometer 
the mercury is shaken down to two Or three degrees below 
the normal. j 
It is interesting to know that the mercury rise for each 
andth part of the volume 


degree F. r ts only a ten-thous 
epresents only ke a cylindrical 


of the bulb. The glass of the stem behaves li 
lens and magnifies the breadth of the stem. —— vA 
] Laboratory the testing of clinical 


At the Nati Physica 
e National Phys! Jarge scale, over 300,000 


thermometers is carried out oP a tue 
being tested each year. The mark N2 etched on a clinical 


thermometer means it is certified as accurate by the N.P.L. 
To graduate the thermometers they are placed in baths of 


Centigrade or Fahrenheit th 
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well-stirred water kept at fixed temperatures by means of. 
thermostats. 

“Tf a person’s temperature is 100° F. cr above he may have 
a chill; if 101° or 102°, a fever; 105? F. is dangerous to life. 
If the temperature persists above 100° F. the person should 
stay in bed and a doctor should be called, 


Historical Notes on Thermometers—The first recorded 
attempts to measure temperature were made by Galileo 
(1564-1642), who used an inverted vessel of air 
with a water index to register the temperature of 
the atmosphere (fig. 105). This was found to be 
unreliable. Can you suggest why ? 

In 1612 Galileo made an alcohol thermometer, 
open at the top, the divisions marked on the stem 
being fractions of the volume of the bulb. Copies 
of both of these early thermometers may be seen 
at the Science Museum. j 

'The necessity of fixed points was realised by 
Sir Isaac Newton in 1701. He suggested for these 
the; freezing-point of water, calling it 0°, and 
the tempevature of the human body, which he 
called 12°, 

Fra. 105. Tt was Fahrenheit who, in 1713, proposed for 


the lower fixed point the lowest temperature ob- 
tainable with ice and salt. This he called 0° 


ture of the human body he called 12°, 
the twelve degrees into 8, 


cified, the boiling- 
t. He then gradu- 
-point and boiling- 
T norma] pressure, 

original scale, Tt 
dopted 0° and 100° 
Centigrade thermo- 


and these came out at 32° and 212° of his 
was not until 1742 that Celsius, a Swede, a 
for these temperatures, In his honour a 


meter is sometimes called a Celsius the: 
on the Continent. ' 
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The Changes which take place when Water is Frozen—Fill 
a test-tube 6 in. x $ in. with water. Insert a cork and wire 
it on. Leave it outside 
on a frosty night. On ex- 
amining it next morning it 
is found to be broken and 
the water is turned into 
ice. One cannot command 
a frosty night at will, so 
an alternative experiment 
is to obtain a small bottle 
with a screw stopper,’ fill 
it with water, and screw on Fic. 106. 


the stopper. Cover it with 
a mixture of pounded ice and salt (fig. 106). This is called 
a “freezing mixture.” After about twenty minutes take out 


the bottle and examine it. Write a full account of what you 


observe., Is there any change of volume when water freezes? 
Which occupies the bigger volume, a pound of ice or a pound of 
water? Does ice float or sink in water ? 

When do water pipes burst—during a frost oreluring a thaw ? 


When is the burst discovered ? 2 
The fact that ice floats on water does not explain why ice 


always forms on the top of a pond. If the water at the bottom 
cooled to 0° C. we should ex- 


pect some ice to get entangled 
in the weeds, and this would. 
grow by accretion. Thus in 
time the bottom would be 
covered with ice, and the 
consequences to animal life 
would be disastrous: the fishes 
would starve to death in a pro- 
longed frost. Something un- 
ear to its freezing-point. 

to 0° C. 
ass jar surrounded at its 
The glass vessel has 


Freezing 
Mixture 


usual must happen to water n 
The Behaviour of Water as it Cools from about 10° 


—Hope’s apparatus consists of a gl 
middle by a vessel, as shown in fig. 107. 
1 These can be béught for & penny from a chemist. 
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side openings above and below, through which thermometers 1 
fit. Fill the glass vessel with water at a temperature not 
higher than 10° C., and pack the outer tube with a freezing 
mixture of pounded ice or snow and salt.! Set up the appa- 
ratus in a cool part of the room and read the thermometers 
every minute for about an hour. Plot the results on a graph 
(fig. 108). The reading of the lower thermometer falls first, 
but stops at about 4°C. 
The upper thermo- 
meter keeps at about 
10° C. for some time 
and then falls rapidly 
to 0° C. Now the 
denser water will sink 
to the bottom, and evi- 
o 20 40 60 Minutes dently water is densest 
Fic. 108. at about 4° C. Thus 
; when the water at the 

top of a pond begins to freeze, that at the bottom is at 4° C. 


The Changes which occur when Tap-Water is Heated— 
Half fill a cleah tin with tap-water, 


stand with a thermometer inserted 
the can is heated with a small flame. 
the temperature at which they occur, 
note the temperature and also 
rise. Note particularly the te 
begins and stops. Watch wh 
singing is going on. After ¢ 
Bunsen and listen as the wa 
begins again. Lift the tin 


singing persists. Repeat the experiment in a glass beaker so 
that you can observe exac 


** Why does a Kettle Sing ? *- Tn the experiment on heating 
water you noticed at first bubbles rise, which got larger as 


they arose; these were bubbles of dissolved air. When the 
1 Continue to add ice and salt throu 


Con 1 hroughout the experiment so as to 
maintain the source of cooling. "This will ensure Success, 
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_ water was nearly boiling you noticed the bubbles, which 
started at the hot base of the beaker, got smaller, and collapsed 
before reaching the surface. These were bubbles of steam, 
and they collapsed as they reached cooler water above. When- 
ever a bubble starts at the bottom the surface of the water 
rises a little, and when a bubble collapses it falls a little. 
When these rises and falls succeed each other rapidly enough 
waves are set up in the air above. When these waves succeed 
each other rapidly enough a musical note is heard. This is 
the singing of the kettle, and it only takes place just before the 
water boils, for when the water is boiling it is at boiling-point 
all over and the bubbles no longer collapse. It will be inter- 
esting for you to try to find out the effect of removing and 


replacing the lid of the kettle. 


CHAPTER XI' 
PRESSURE IN LIQUIDS 


A 1S a large glass vessel fitted with openings at the top and 
side. To the side opening is fitted a glass tube of about 


Fic. 109. ' 


g-in. bore. Pour water into A and note the levels in A and B. 
Turn tube B a. in fig. 109 (b). There is now more water in B 

D than there was before, but 
the levels are still the same. 
Now fit a contorted tube 
into A and repeat the ex- 
periment. Try the effect 
of inclining tube B when 
your finger is over the open 
end. Do the levels still re- 
main the same? Release 
your finger and note what 
now happens. 

No matter what is the 
shape or inclination of the’ 
J tube, the liquid remains at the 
Fie. 110. same level in B as in A, pro- 


: vided both are open to the air. 
The apparatus illustrates the popular saying that * 4 liquid 


tends to find its own level.” This only means that if we connect 
98 
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. tubes of the same liquid, all being exposed to the air at the 
surface, their surfaces will attain the same level. This is shown 
in fig. 110. Pour water into tube B until the levels are as 
shown. Note the horizontal level. Close tap B and suck at 
A. What happens, and why ? 

This principle is of great practical importance. Water 
levellers are still used by miners when prospecting for ore, 
and in the past they were used by surveyors on theodolites. 
Fig. 111 illustrates other familiar applications. 

Air bubble 


= 


(a) Leveiling by water tube (b) Spirit Level 


ES o9 


(d) Water Gauge 
for Boiler 


(c) Self-filling Bucket 


Fro. 111. 


A Town’s Water Supply depends on the fact that the surfaces 
of water in connected tubes tend to become level. In many 
small towns the water is pumped from deep wells and is then 
forced up through pipes into towers placed on the highest 
point of the town. Pipes connect the houses to the supply, 
and as the water-level in the tower is higher than the 
houses, whenever a tap is turned water rushes out. The lower 
the tap below the tower, the greater the force with which the 
water rushes out. Jf only cold water is required this should be 
supplied directly from the main, a tank being unnecessary. 1f 
a hot-water system is also installed a cold-water tank must 
be provided. Tt is usual for the cold-water tank to be 
installed under the roo? of the house. This is a bad plan, 


o 
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aly is this an awkward place to get at, but in wintry 
NE n the coldest part of the house and so the water 
is most likely to freeze there. The best place for the cold- 
water tank is above the hot-water cistern, which is onen 
Cold water from main placed in a pong 
for the convenience o: 
airing clothes. The 
cold-water tank is kept 
full of water from the 
mains by means of 
valves. These open 
when the water-level 
in the tank falls, and 
close when the water 
rises to a certain level. 
The principle of the 
To hot water cistern uh NE wll Be 
understood “rom fig. 
112. 
S stored in reservoirs 
from the town. It is 


Fia. 112.—Tho valve controlling th. 


e supply 
of water to the cold tank 


In the case of large towns water i 
in the mountiins, often many miles 
brought to the neighbourhood of the 
passes into artificial reservoirs, the flo, 
filters, many acres in extent. 
Comes a thick layer of grave] 


enables one filter-bed to be cle 
water supply from the town. 


Artesian Wells—If the Beological formation in a certain 
neighbourhood is as shown in fig. 113, it i 


well is bored through the non-porous layer above, the water 
will rush up in an attempt to “fing its own level? The well 
is called an “ artesian” well, after the province of Artois in 
France, where such wells have been known since a.p, 1100. 
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They are a feature of the dry interior of Australia, and many 
' old wells in London are artesian, with depths of 300 feet and 


over. z 
© 
Chilter - 
An Impervious North 


Hills London Clay 
Well at the I TEES Ch Downs 


Bank of England 


Fro. 113. 


An Experiment on Fluid Pressure—A, B, C, and D (fig. 114) 
are four glass vessels, the lower ends of which are ground 
flat; against each presses a thick card held by a string. 


String 


Fia. 114. 


Push each down into the water. The card now presses 
tightly against the vessel by the pressure of the water, and 
the string may be let go. Gently pour water into the vessel 
to level X. Gently raise the vessel and observe when the card 
becomes detached. This happens, in every case, when the 
water-level is the same inside as outside. Itis evident that the 
weights of water in the vessels differ greatly in the experiments. 

By the principle of Archimedes we know there is an up- 
thrust on the card. The card comes away when the down- 
thrust of the water in the vessel is equal to the upthrust of the 
water in the tank. As the vessels are of different shapes, we 
hrust of a liquid on the base of a 


conclude that the downt 
vessel is independent of the shape, but depends on the depth. 


1 Various types of lampshade will do. 
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The thrust on unit area is called the pressure, 
Thrust = pressure x area. 


* Thus if the pressure on a surface is 10 lb. weight per sq. in., 
the thrust on 4 sq. in. will be 10 x 4—40 Ib. weight. 


How does the Pressure in a Liquid depend on the Depth ?— 
Connect a thistle funnel to a U-tube containing water or oil 
(fig.115). Gentlylower 
the thistle funnel into 
Some water in a 
tall jar. Measure the 
depth d of the surface 
of water in the thistle 
funnel below that of 
the water in the jar. f 
Measure also the 
“head” h of the liquid 
in the U-tube. Tabu- 
late yourresults. Draw 
a graph showing h 
vertically and d hori- 
zontally. 

Obtain three glass 
tubes of the shapes 
Shown in fig. 116. 
Insert each in turn 
into some turpentine 
and withdraw it, keep- 
ing one finger tight 
over the end. Lower, 
and fix each when the 
lower ends are at the 
Same depth in a tank 
of water, On releas- 
ing the finger some of. 
Fio. 116. the turpentine runs 


out until the levels 
are the same. Why is the turpentine 


level higher tham that 
of the water? In A the water ls pressing upwards, in B 


in 


[SEEN areata 
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downwards, and in C sideways. What do you conclude about 
the pressure in different directions at a certain depth ? 

So far you have learnt that the pressure exerted on a liquid 
ata certain depth (a) is proportionate to the depth, (b) acts 
equally in all directions. 

Now repeat the thistle-funnel experiment, using (a) water 
and (b) mercury in the U-tube. Plot graphs showing the 
variation of “head” with depth d. If you measure the 
two “heads” at a particular 
depth d, you will find the water 
“head” is about 13-6 times 
that of the mercury “head.” 
You already know that 13:6 is 
the relative density of mercury. 

» A “head” of 1 cm. of mercury 
is therefore equivalent to a 
“head” of 13:6 cm. of water. 

The pressure in a liquid is 
evidently proportional to the 
density of the liquid. 

To summarise : 

Pressure varies as depth. 
Pressure varies as density. 


To measure pressure, We multiply head by density, or 
Pressure — head x density. 

The pressure at a depth 20 em. in water will be 20 grm. 
weight per sq. cm. At the same depth in mercury it will be 
20 x 13-6 grm. weight per sq. cm. 

At a depth of 20 cm. in methylated spirits (density 0-8 grm. 
per c.c.) it will be 20 x 0-8 grm. weight per sq. cm. 

« The Hydrostatic Paradox "—Attach a long, bent glass tube 
securely to the opening of a football bladder. Place on the 
pladder a tin supporting a large weight. Pour water into the 
glasstube. The bladder is gradually distended and the weight 
israised. Provided the glass tube is long enough and securely 
fastened to the bladder, a small boy sitting on the tin may be 
raised by pouring water into the tube. 
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The ancients called this experiment the hydrostatic paradox 
—it appeared so wonderful that a large weight could be lifted 
S Water poured bythissimplemeans. WAat 

in here is the secret ? 

Stop pouring water into 
the tube. Measure the 
head of the water in the 
tube. Suppose this is 25 
cm. The pressure on the 
tin is 25 grm. weight per 
sq. cm. If the area of the 
tin in contact with the 
bladder is 200 sq. cm., the 
thrust will be 


200 x 25 =5000 grm. wt. 
=5 Kilograms wt. 


This experiment shows 
the principle of the hy- 
draulic transmission of 
pressure, 

Pressure, known as Pascal’s 
area 10 sq. cm., supporting a 1-lb. 


The Hydraulic Transmission of 
Principle—A piston A, of 


Fira. 119. 


weight, will hold up another piston B, of area 1000 sq. cm., 
which supports a 100-Ib. weight (fig. 119). The pressure is the 
same on each piston, but the thrusts are different, 
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, A common device in canals is the lift-lock, which is used 
where there is a great difference of level. The principle is 
shown in fig. 120. The lock consists of two great hydraulic 
elevators which support the vessels to be raised or lowered, in 
tanks X and Y, supported on pistons A and B. The vesselis 
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Fra. 120.—A hydraulic lift-lock 


towed into tank Y, which is, say, at the lower level, and the 
lve is then opened and the additional 


gates are closed. The va. t 
weight of water in X causes it to descend, forcing the water 
from press C into D and raising the tank Y. 

Comparing Densities of Liquids by means of Pressure —TFit 
up the apparatus shown (fig. 121). Itis known as “ Hare's 
apparatus." One beaker contains water, the other brine or 
other liquid whose density is required. (When using acids 
take care not to get any in your mouth.) Open the clip and 
draw the liquids into the tubes. Close the clip, measure the 
“heads” h; and hy. 

The pressures on the su: 
are equal; the pressures on 


Ik 
equal e : 


rfaces of the liquids in the beakers 
the surfaces in the tubes are also 
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Let d, and d, be the densities, 
hyd, —h,d, =difference of pressure on 
* the liquid surfaces. 
dy hy 
diy 
and as d; —1 grm. per c.c. for water, 
= Ge head of water 
density of liquid = head of liquid 


Tabulate your results; obtain several 
for each of different liquids and work out 
the average result in each case. 


Pressure and Thrust—We have learnt 


Fie. 121 i Ñ or 
Hare's apparatus that by pressure is meant the force 


thrust acting on unit area, It will be 
well to consider this idea further. 


Suppose we have a 
9 grm. The force or th 


cube of metal 1 em. side weighing 
rust on the base is 9 grm, weight, and 


15q.em. 
Pressure D gm.wt. per 8g.cm. 


Pressure 18gm. wt. 
per sq.cm, 


Fic. 122. 


cm. If we place a 
thrust is now 18 grm. 
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‘Bill in the spaces in the following table. They refer to 
rectangular blocks of metal. 
Material Density Dimensions | Height Boves | eds 
grm. er c.c. cm. cm. 
g 4x3 2 
9 
3x2 4 
5x4 6 
2:7 
4x6 5 
]b. per cu. ft. ft. ft. 
2x1 3 
156 
3x2 1 
J 


CHAPTER XII 
THE PRESSURE OF THE ATMOSPHERE 


OnTAarw a large tin can which has soldered seams. Pour a 
little water in and boil it. When steam is issuing freely from 
the mouth remove the can from the flame and 

at once insert a tight-fitting bung. Leave the 
can on a bench and watch it. Listen carefully, 
and note everything that you observe. 

Was there air inside the can when the bung was 
inserted 2 

What was there above the water ? 

What happened to this as the can cooled ? 
Explain what finally happened to the can. 
Fre. 123, Boil a little water in a test-tube. When the 

water is boiling remove the test-tube from the 
flame and insert a rubber bung. Put the test-tube mouth 
downwards in cold Water and try to remove the bung. 
(Caution—Hold the t 


ube in a duster.) Explain what happens. 


hese experiments show that the air is capable of exerting 
great pressure. 


n ordinary Syringe in water and pull 
up the piston. Water rises into the syringe. The ancients 
thought that when th 


e piston was pulled up it tended to 
make a vaeuum, and they said that 


the water rose because 
Nature would not tolerate a vacuum. They thought water 


Place a piece of glazed paper 
108 


-moistened and pressed out on 
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over the top and press tightly round the edges of the tumbler. 
Invert the tumbler. The paper remains in position and the 
air holds up a tumblerful of water. k 
(b) A circular disc of thin leather through the centre of 
which passes a piece of string, which is secured by a knot on 
the underside, acts as a boy’s 
“ sucker ” (fig. 124). Tf this is 


Air Pressure 


| e 
RNE 


the surface of a piece of wood, 
or on a stone, the object can be 


lifted. t 4 
(c) The principle of the boy's Air Pressure 
“sucker”? is now used in the Frc. 124.— The “ sucker ” 


manufacture of portable coat- 
hooks. These consist of a rubber disc through the centre of 
which passes a metal hook. ‘The disc is moistened and pressed 
firmly against a door or wall, thus providing a convenient 
hook onowhich to hang a coat for a short time (fig. 125). 
(d) Stretch a piece of rubber tightly over the mouth of a 
small glass jam-jar and tie securely in position. Place the 
jar under the bell-jar of an air-pump. Pump as 
much air as possible out of the bell-jar. Note 
what happens to the rubber disc, and explain. 
Try to lift the bell-jar from off the brass disc. 
Explain why it is difficult. 
(e) Tie a piece of thin rubber over the mouth 
of a thistle funnel. Suck the air out from the 
end of the stem. Again say what happens, and 


Z 
explain. 
(f) Now try to explain why you can suck water 
Fie. 125. OT other liquid into à pipette. Explain by means 


of a diagram. 

(g) Fit a long glass tube with a cork through which a glass 
tube passes, and support it with the open end in water (fig. 
126). Attach the tube to an air-pump or toa Bunsen water- 
pump by thick rubber tubing. Turn on the water. As the 
air is driven out of the tube the water rises. Why does it rise ? 
This suggests the reason for the water entering the syringe 


referred to in the introduction. 
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To find out to what Height the Air Pressure can force 
Water—Evidently to do the experiment with water we 
should require a very long tube. If we could use a liquid 
twice as dense as water we should only require half that 
length of tube. Let us use mercury, which is 13-6 times as 
dense as water. 

Obtain a thick-walled glass tube, at least a yard long, open 
at both ends, and support it vertically with its lower end in a 


"Head " 
of Mercury 


Mercury Tray 
Fra. 127. 


On a mercury tray (fig, 127). Connect 
tubing to a good Bunsen water- 


in centimetres and 
of water which would be 


supported by air pressure. 
Results : 
Head of mereury 
Relative density of mercury 


i] 


136, 
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.. head of water which air pressure will support 
c Bouc ct opos 

= in. 

= ft. 


It should be mentioned that the space above the mercury is 
not quite a perfect vacuum, but contains a little water vapour. 
If there was a perfect vacuum above the mercury the head 
would be a little higher. Let us 
now modify the experiment in such 
& way as to have no water vapour 
above the mercury. 


To Measure the Pressure of the 
Atmosphere— Obtain a clean and dry 
thick-walled glass tube about 33 in. 
or a yard long, closed at one end. 
Attach a clean, dry piece of rubber 
tubing to the open end and connect 
it to a clean, dry funnel. Pour in 
mercury which has been filtered so 
that it is also clean and dry. This 
should be done over a mercury tray 
(fig. 128). When the tube is full of 
mercury remove the funnel. Tapa 
little mercury out of the tube, leav- 
ing & fairly large air-bubble. Close 
the end with a finger and carefully Fro. 128. 
invert the tube, so allowing the air- 
bubble to run to the closed end and back. This will remove 
any small air-bubbles sticking to the sides. Fill up the tube 
with mercury, close the end as before and invert the tube, 
placing the mouth under the surface of some mercury ina 
bowl Remove your finger. Support the tube by a stand 
and clamp. Did any air enter the tube? If it did, the experi- 
ment must be repeated. Is the tube still full of mercury ? 
What ts in the space above the mercury ? 

Arrange a horizontal ruler so as to be level with the top of 
the mercury in the tube (fig. 129) Tilt the tube slowly and 
watch what happens. oes the level alter ? 
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Show in a sketch the position of the mercury surface with 
the tube at various angles. Measure the '' head " of mercury 
in inches and in centimetres. Js it greater or less than in the 
last experiment ? Calculate the 
head of water which the air 
pressure will support. Express 
it in feet. 


You have set up a barometer— 
an instrument for measuring 
the air pressure. 

Now weigh a large evaporat- 
ing basin. Then carefully raise 
the tube until the lower end is 
only just under the surface of 
the mercury in the dish. Close 
the open end with a finger, and 
pour the mercury from the tube 
into the weighed dish, and find 

Fig. 129. its weight. 
^ Find the area of the cross- 
section of the bore of the tube. Now calculate the pressure 
of the mercury in grams per square centimetre. It is equal 
to the pressure of the atmosphere. 


Results : 


Weight of evaporating dish =.... grm. 


I 


» » » and mercury 
*. weight of mercury in tube (W) 
Area of bore of tube (A) RGC 


W grms. of mercury press on A sq. cm. 
WwW 
A 


- grm. per sq. em. 


*. pressure of mercury = 


.. pressure of the atmosphere 


Il 


. grm. per sq. em. 


Arrange the tube vertically. 


e 
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Convert this into lb. per sq. in., given that 


1 sq. in. =6-45 sq. cm. 
llb. —454 grm. 


o 


The experiment you have done was first performed by 
an Italian, Torricelli, in 1642, and created quite a sensation. 
The space above the mercury was a vacuum, and the experi- 


ment proved the old saying that “ Nature hates a vacuum 2 


to be untrue. Soon after Torricelli did his experiment, 
Pascal repeated it in France, and to make quite sure that it 
was the air which forced the mercury up the tube, he arranged 
for a barometer to be taken up a mountain, with the result 
that as the height increased the head of mercury gradually 
became less. For a height of about 1000 ft. the " head” 
decreased by about 1 in. This experiment settled the ques- 
tion beyond reasonable doubt, for the higher one goes the less 
is the weight of air pressing down. 


9 


BAROMETERS 
Types of Barometers in Common “Use 


LÀ 

The Siphon Barometer—This is sufficiently described by 
fig. 130. The idea is prob- ; 

ably due to Boyle, who, in- 
cidentally, invented the term 
“barometer.” When aread- 
ing is to be taken, the glass 
case is tapped in order to 
overcome friction in the pul- 
ley and between the float and 


the tube. Barometers of this Pointer 
type are usually marked Pulley 
“Much rain," “Rain,” Weight 
“ Change," “Set fair," but Cistern 


you should take no notice of 
these markings. As you will Fic. 130. 

learn later, the important 

thing is to note whethęr the mercury rises or falls. Siphon 


114 General Science 


barometers are useful for rough readings but not where great 
accuracy is required. 
> Accurate barometers for use in the numerous observing 
stations connected with the Meteorological Office must possess 
EOS some means of setting the zero of the 
scale before taking readings, and also 
3 Vernier Some device for reading the scale with 
| Scale great accuracy. This is achieved in 
| 


Fortin’s Barometer—The mercury in 
the reservoir is contained in a chamois- 
> leather bag against which bears a screw 
hl Y S. To set the zero, S is turned until the 
mercury surface just touches an ivory 
point which is fixed at the zero of the 
scale. The screw Y is connected to a 
vernier scale and is turned until this 
is level with the top of the mercury 
meniscus. By means of the vẹrnier the 
reading i is obtained with an accuracy of 
0-01 in.; or 0-01 em. Corrections have 
to be made for the effect of tempera- 
‘ure on the scale and on the density 
of the mercury; also for latitude and 
altitude, as all readings are adjusted to 
sea-level and to latitude 45°. For de- 
tails of these corrections a more ad- 
vanced book must be consulted. 


Aneroid Barometers—The word * aneroid" means “ with- 


‘Mercury 


loory 


pL > 


HO zu 


m 


Reservüir- 


Fra. 131. 


Pointer a 
Hairspring —-, 


Rigid support 
JL 


Spring S 
d Z Bent Lever 
jg 
8-72 


Ck Kw 
Rigid I for S 
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out liquid.” An aneroid barometer consists of a thin metal 
box, B, from which most of the air has been extracted. 
When the air pressure increases the sides are pressed closer 


S Temperature (centigrade) |^ 
-60  -40 -20° Q +20 


25 40 
IO 
Pilot balloons 


Q 9 9 


20 Sounding balloons 
carrying instruments 


25 % 

x 

8 15 R 
E Soviet balloon S 
So 207 
~~” Piccard's ascent in S 
S Qu sphere, 1932 x 
Ss > 
=10 3 
15 = 


Highest manned 
balloon ascent Q 


Cirrus Y 
Mt 7 Ls Amen 
^ kite 


80 70 60 50 40 30 20 10 0 
Pressure in centimetres of mercury 


Fira. 133.— The average pressure and temperature of the 
upper air in summer in latitude 45° 


together, and when the pressure decreases the spring S forces 
the sides further apart. By means of the system of levers 
shown these changes are made to move the pointer, which 
moves Over a dial, omitted in the sketch. 

Aneroid barometers May be made small enough to go in 
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a vest pocket, and these are marked with scales showing s 
pressure and also altitude. By carrying one of these on a 
climbing expedition you may find the height reached. The 
Altimeter carried in an aeroplane is just such an instrument. 

It is interesting to learn that in 1790 the Frenchman Conté, 
Director of the School of Aerostatics at Meudon, invented a 
primitive form of aneroid and used it to measure the altitude 
of balloons during Napoleon’s Egyptian campaign. The 
instrument was first patented as a barometer in 1845 by 
Lucien Vidie, but Conté was undoubtedly the inventor. 

Fig. 133 shows the average pressure and temperature of 
the air in summer to a height of 25 miles. On 27th May 1931, 
Piccard and Kipfer of Brussels ascended to a height of nearly 
10 miles in an airtight aluminium sphere, 2 metres in dia- 
meter, attached to a balloon of capacity 500,000 cu. ft. The 
oxygen in the air inside the sphere was renewed from cylinders 
of the gas. The temperature outside the 
sphere was —55? C. From the diagram 
you may find the pressure outside the 
sphere at this height. 


, How the Barometer helps to Foretell 
the Weather—You should take readings 
of the barometer at set times each day 
for some weeks. Show the results as a 
graph on a weather chart. Note the 
kind of weather each day. You will 
discover that if the barometer is rising 
slowly fine weather follows, whilst if it 
falls slowly wet weather follows. Rapid 
changes in the height of the barometer 
herald the approach of gales, 


Some Appliances depending on 
Air Pressure 
The Self-filling Fountain Pen—This 
contains a long rubber bag against which 
restsa metalrod. A lever is attached to the centre of this rod 


and works on a pin fixed to the barrel. On pulling out the 
1 On Ist October 1933 a Soviet balloon with go 


0 opola attached reached a height of 
62,820 ft., which is 9169 ft. higher than Piccard attained. Attempts to attain stili greater 
heights are still being made. 


> 


> 
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lever the metal rod presses on the rubber bag, squeezing 


à T R 
out some air. Pressing back the lever releases the bag, 


which resumes its former shape owing to its elasticitye 
This decreases the pressure inside, and if the nib is in the 
ink-bottle the atmospheric pressure forces some ink into 
the bag. 


The Lift-Pump—tThis type of 
pump is known to have been 
in use for thousands of years. 
A metal rod is connected to 
a piston through which passes < 
a hole fitted with a valve on 
the top. The piston is usually 
cased with soft leather; so that 
it fits tightly in the metal 
barrel. At the bottom of this 
is a valve resting on the pipe 
which dips into the water in 
the well. The piston-rod is 
moved by means of a lever as 
shown. 

Imagine that the piston is 
near the bottom of the barrel 
(fig. 135). 

(a) On the first wpstroke of 
the piston the pressure in B 
decreases. The outside air Fr. 135. 
pressure acting through the 
spout closes valve Vs. The air also presses on the water in the 
well and drives some of it into B through valve V4. 

(b) On the first downstroke of the piston the pressure in B is 
increased, closes valve V, and opens valve V,, driving some 
of the water into space C above the piston. 

(e) On the next upstroke of the piston the pressure in B again 
decreases; and valve V, closes. More water from the well is 
driven into space B by air pressure. Also the water above 
the piston is lifted and some runs out of the spout. On con- 
tinuing to work the pump stages (5) and (c) continue to succeed 

EI 
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each other. (Note that water comes out of the spout only 


during the upstroke of the piston.) 


` The Force-Pump— The construction of this pump is easily 


followed from fig. 136. Its mode of 
action is as follows :— s 

(a) On the first wpstroke of the piston 
the pressure in B decreases, valve Vo 
is closed by the greater air pressure 
outside, which also drives water 
through valve V, into space B. 

(b) On the first downstroke of the 
piston the pressure in B is increased, 
valve V, closes but V, opens, and 
water is forcedinto C. When C is full 
the water is forced out at S. 

When a lift-pump is allowed to 
stand idle the leather of the piston 
dries up and contracts. To get the 


Compressed 
© air 
chamber 


ZZ 


Piston 


causing it to swell. 


Valve V, 


Well 


e 
Fic. 130. 


Nozzle pump to work, 
water has to be 
poured in at the 
top first. This 
wets the leather, 


Fic. 137. 
force water to a height of hundreds of feet. In a modern 


As the normal air pressure (30 in. of 
mercury) cannot support a “head ” 
of more than 34 ft, of water, no pump 
can raise water from a greater depth 
than 34 ft. In practice, owing to the 
difficulty of obtaining tight joints, the 
best pumps cannot draw water from 
a greater depth than about 30 ft. The 
force-pump can force water to great 
heights provided the pump is strong 
enough to stand the Ereat pressure. 
Some modern fire-engine pumps may 


? 
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force-pump an air chamber is provided in which the air gets 
compressed, and its pressure keeps the water flowing from the 
nozzle whilst the pump-piston is rising. Fig. 137 shows ia 
diagram form the principle of the air chamber. 
To Determine the Weight of a Litre of Air 
Demonstration — Obtain a round-bottomed 
flask about 4 in. in diameter. Fit it with a 
rubber bung through which passes a short glass 
tube. To the end of this fix a piece of pressure 
tubing about 3 in. long, closed by a screw clip. 
Weigh on a sensitive balance the flask, bung, 
etc., full of air. Next attach the apparatus to 
a good vacuum pump and exhaust for some 
time. Close the screw clip whilst the pump is 
still working, and then reweigh the flask. Place 
the flask neck downwards in water which has 
been boiled, and open the clip. Water rushes ` Fra. 138. 
in to tale the place of the air which has been 
removed. Find the volume of this water by means of a 
measuring jar. Do this very carefully. 


Results : . 
Weight of flask, etc., full of air = grm. 
Weight of flask, etc., after pumping air out — th 
^. weight of air pumped out = » 
Volume of water rushing into flask Sa O.O: 
. weight of c.c. of air = grm. 


I 


» 


«. weight of 1000 c.c. of air 


Assuming that you pump all the air out of the flask, will 
the pressure of the air in the room affect your results in this 
experiment ? 

The weight of a litre of any gas at normal or standard pressure 
(30 in., or 760 mm. of mercury) is known as its density. 

If a good vacuum pump is not available, proceed as follows : 
Pour a little water into the flask and boil it. When steam has 
been issuing freely for a few minutes remove the source of heat 
and fasten the clip. Now weigh the flask. Open the clip and 
cool the flask. Why doe the rubber tube collapse? When cool, 
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replace the clip and weigh again. Measure the volume of 


water in the flask. Then fill flask with water and find the’ 


total volume. Hence find the volume of the air which 
entered and was weighed. Find the weight of one litre. 
The following table gives the densities of common gases :— 


Densities of Common Gases 
(at normal pressure and 0? C.) 
Hydrogen 0-09 grm. per litre 
Oxygen 144 
Nitrogen 1-26 
Carbon dioxide 1-98 a » 
Air 1-29 (variable). 


CHAPTER XIII 
THE CHEMISTRY OF AIR 


The Composition of Atmospheric Air and Respired Air—You 
have already learnt that the atmosphere is a gaseous envelope 
covering the surface of the earth. You have learnt also that 
air has weight—it is a material substance—and that changes 
in air pressure are accompanied by changes in weather. 

Have you ever thought of the effect of air on substances 
that are burning ? Why, for instance, do you sometimes 
hold a sheet of metal or wood (or even a newspaper) in front 
of a dull fire or one which has just been lit? Why do you 
draw out the metal plate which you often find below the grate 
in the o?dinary house fire? Why is it wise to roll yourself 
up in a thick rug if you have the misfortune to get on fire ? 
Evidently the air has something to do with burning. You 
realised this when you did experiments with the Bunsen 
burner. You should now try to answer the question, Is the 
whole of the air concerned with burning ? 


Experiment 1 

Stand a small porcelain dish on the top of a “ beehive” 
shelf in,a trough or large bowl. Cover the dish with a bell- 
jar, first removing the stopper. Now insert the stopper and 
arrange the glass rod, which carries a short length of copper 
wire, so that the end A very nearly touches the bottom of 
the dish. Remove the stopper and then the bell-jar. Put a 
small piece of phosphorus (about half the size of a pea) 
in the dish and replace the bell-jar. Measure the height of the 
water by means of a ruler (fig. 139). Warm the end A of the 
copper wire. Replace the stopper, pressing it in firmly. The 
heated wire ignites the phosphorus and the jar is soon filled 
with white fumes. After a few minutes these dissolve in the 
water, and the water rises inside the belljar. Pour water 
into the trough until it Stands at the new level. Why is this 
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necessary? Now measure the height of the water. Remem- 
bering what the level 
was before the phos- 
phorus burnt, find how 
far the water has 
actually risen. What 
fraction is this of the 
MER whole height of the bell- 
jar? Remove the stop- 
per from the bell-jar 
and insert a lighted 
taper. Now insert a. 
lighted taper into an- 
other bell-jar contain- 
ing air. What happens 
in each case ? 


Bell jar 


Experiment 2, 


Moisten with water 
the inside of a piece 
of glass tubing which 
is about $ in. wide and 

2 ft. long and is closed at one 
end. Sprinkle some iron filings 
inside the tube, and by rotating 
the tube arrange that these 
filings cover practically the 
whole of the surface of the glass. 
Support the glass tube so that 
the open end is below the sur- 
face of water contained in a 
beaker (see fig. 140), Measure 
the length of the column of 
(2) air inside the tube; leave it 
for several days. Fill up the 
beaker to the new level (this 
can be indicated by pasting a 
strip of paper on the outside of the beaker and marking the 
original level with a line on the pap.r); measure the height 
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the water has risen inside the tube, and find what fraction 
this is of the original column of air. Close the open end o: 
the tube by means of the thumb and take the tube N] 
out of the beaker, invert it, and insert a lighted j 
match. ` What happens ? 


Experiment 3 

A piece of phosphorus may be supported by means 
of a fairly stout copper wire inside a glass tube 
similar to the one used in the last experiment (fig. 
141). This apparatus should be allowed to stand in 
the laboratory for several days, water in the beaker 
should be adjusted to the level inside the tube, and 
the same measurements taken as in the previous 
experiment. 

‘All the above experiments go to show that air is 
composed of two main portions, one that will sup- 
port burning or rusting, and one that will not. The 
portion that will support burning is approximately one-fifth 
of the whole atmosphere, and was named by Lavoisier Oxygen. 
The inactive part which will not support burning is about 
four-fifths of the atmosphere, and is eglled Nitrogen. 


Fre, 141. 


Lavoisier's Experiment on the Composition of Air 


For many years scientists were not at all clear as to what 
happened when substances burned in air. Lavoisier, a French 
scientist, performed a very important experiment, which can 
be imitated in the laboratory if you can fit up the apparatus 
and leave it for several weeks. 

A flask with a wide neck is fitted with a rubber bung 
through which passes a wide delivery tube. The apparatus 
is fitted up as in fig. 142, the stopper at first being removed 
from the bell-jar so that the water may be at the same level 
in the trough and in the bell-jar. The mercury is heated with 
a moderate Bunsen flame. At first the water in the bell-jar 
goes down. Can you suggest a, reason for this:? The heating 
should continue for two or three weeks, and then the apparatus 


. should be allowed to cool. The water in the trough is brought 


to the level of that inside the jar, and it is found that one-fifth 
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of the air from the bell-jar has been removed, and that a scum 
—in places slightly reddish—has formed on the surface of the 
niercury. The gas left in the bell-jar will not support burn- 
ing; itisinfactnitrogen. Lavoisier collected all the red scum 
from the surface of the mercury and heated it more strongly. 
He obtained just as much gas as the air had originally lost. 
This gas, which he called oxygen, allowed things to burn in 


it very brightly—in fact a glowing chip of wood inserted into 
the gas at once burst into flame. 

Priestley, an English scientist, had accidentally discovered 
this gas in 1774 when heating some red calx of mercury 
which had been given to him, but he had not understood that 
the gas was present in the atmosphere. Lavoisier’s experi- 
ment is so important and so interesting that you should now 
read his own words: 

"I'took a retort of about 36 cubical inches capacity, 
having a long neck of six or seven lines (1 line = zy in.) internal 
diameter, and having bent the neck to allow its being placed 
in a furnace, in such a manner that the extremity of its neck 
might be inserted under a bell-glass placed in a trough of 
quicksilver ; I introduced four ounces of pure mercury into 
the retort, and, by means of a syphon, exhausted the air in 
the receiver so as to make the quicksilver in the bell-jar rise 
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^^ above that in the trough, marking the height by pasting on 
a slip of paper. Having accurately noted the height of the 
thermometer and barometer, I lighted a fire in the furnace, 
which I kept up almost continually during twelve days, so 
as to keép the quicksilver always very near its boiling-point. 
Nothing remarkable took place during the first day; the 
mercury, though not boiling, was continually evaporating, 
and covered' the interior surface of the vessel with small 
drops, which gradually augmenting to a sufficient size, fell 
back into the mass at the bottom of the vessel. On the 


"^ 2. 
Lavoisier's apparatus 


second day, small red particles began to appear on the surface 
of the mercury ; these, during the four or five following days, 
gradually increased in size and number, after which they 
ceased to inerease in either respect. At the end of twelve 
days, seeing that the calcination of the mercury did not at 
all increase, I extinguished the fire, and allowed the vessel to 
cool. The bulk of the air in the body and neck of the retort, 
and in the bell-glass, reduced to a medium of 28 inches in 
the barometer and 54-5? of the thermometer, at the commence- 
ment of the experiment was about 50 cubical inches. At the 
end of the experiment the remaining air, reduced to the same 
medium pressure and temperature, was only between 42 and 
43 cubical inches, consequently it had lost about 1 of its bulk. 
Afterwards, having collected all the red particles formed 
during the experiment, from the running mercury in which 
they floated, I found these to amount to 45 grains. 
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“ I was obliged to repeat this experiment several times, as 
it is difficult, in one experiment, both to preserve the whole 
air upon which we operate, and to collect the whole of the 
red particles, or calx of mercury, which is formed during the 
calcination. It will often happen in the sequel, that I shall, 
in this manner, give in detail the results of two or three 
experiments of the same nature. 

“The air which remained after the calcination of the 
mercury in this experiment, and which was reduced to 5 of its 
former bulk, was no longer fit either for respiration or for 
combustion ; animals being introduced into it were suffocated 
in a few seconds, and when a taper was plunged into it, it 
was extinguished, as if it had been immersed in water. 

“In the next place I took the 45 grains of red matter 
formed during this experiment, which I put into a small 
glass retort, having a proper apparatus for receiving such 
liquid, or gaseous product as. might be extracted ; having 
applied a fire to the retort in the furnace, I observed that, 
in proportion as the red matter became heated, the intensity 
of its colour augmented. When the retort was almost red- 
hot, the red mátter began gradually to decrease in bulk, and 
in a few minutes after“t disappeared altogether, at the same 
time 41} grains of running mercury were collected in the 
recipient, and 7 or 8 cubical inches of elastic fluid, greatly 
more capable of supporting both respiration and combustion 
than atmospherical air, were collected in the bell-glass. 

“A part of this air being put into a glass tube of about 
an inch diameter, showed the following properties: A taper 
burned in it with dazzling splendour, and charcoal, instead 
of consuming quietly, as it does in common air, burnt with 
a flame, attended with a decrepitating noise, like phosphorus, 
and threw out such brilliant light that the eyes could hardly 
endure it. This species of air was discovered almost at the 
same time by Dr Priestley, Mr Scheele and myself. Dr 
Priestley gave it the name of * dephlogisticated air’; Mr 
Scheele called it ‘empyreal air’; at first I named it * highly 
respirable air,’ to which has since been substituted the term 
of ‘ vital air.’ " 

Oxygen is now largely made by ‘liquefying the air and 


ae 
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“ distilling " the liquid. The nitrogen boils away first, and 
» then the receiver is changed and oxygen is collected. It is 
‘stored under pressure in strong steel cylinders, and is used 
when men are engaged on rescue work in mines or other 
places where the breathing of foul gases would be dangerous. 


Oxygen—Prepare samples of oxygen by heating red calx of 
mercury in a test-tube, collecting the gas in another test-tube, 


Red Calx or 


Oxide of oe 
. P 


Fra. 143. o 


using the apparatus shown in the diagram. Collect several 
test-tubes full of the gas and perform the following experi- 
ments, in each case making notes of what you observe. 


Experiment 1 

Clamp one tube so that it stands inverted in a beaker of 
water, and leave for some time with a view to finding out 
whether or not the gas is very soluble in water. This experi- 
ment might be tried with distilled water as well as tap-water. 
Note the colour of the gas. 


Experiment 2 s 
Try effect of the gas on lime-water by pouring a little lime- 
water into a test-tube full of the gas and shaking. 


Experiment 3 


Test whether the gas has any effect on the vegetable dye 


litmus. 
" 9 
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Experiment 4 
Bring a glowing chip into the mouth of the test-tube full 
cf the gas, and note what happens. 


Big-scale Experiments— To show the combustion which 
takes place in oxygen a little more effectively than can be 
done in a test-tube, gas-jars 
full of the gas will be required. 


if tir H 
en placed in the cup of a defla- 


grating spoon (fig. 144); the 
guard plate must beso adjusted 
that the cup of the deflagrating 
gasvar_ Spoon reaches about half-way 
down the gas-jar. Ifan oxygen 
cylinder is available, the gas- 
jars may be filled directly from 


Glowing the oxygen cylinder. 
Charcoal 


Guard Plate 


Experiment—Place a piece 
of charcoal in the cup of the 
deflagrating spoon and bring 

o it to a red glow by heating 

Fic. 144. in the Bunsen flame. Does 

the carbon burn easily in air ? 

Suddenly plunge it into a gas-jar, and note what happens. 

Does it burn easily in oxygen? After allowing it to burn as 

long as possible, remove the deflagrating spoon from the gas- 

jar and cover it with a greased glass plate. Add a littie lime- 

water to the gas left in the jar, shake, and describe what 

happens. Repeat the same experiment, testing the residual 
gas this time with litmus. 

In a similar way note the combustion of (a) sulphur, (b) iron 
wire, (c) phosphorus, (d) magnesium, in air and in oxygen. In 
the case of iron wire it is wise to tie a piece of match-stalk to the 
wire to act as tinder (fig. 145). The match-stalk is lighted inthe 
Bunsen flame before plunging into the jar full of oxygen, It is 
important that only avery small piece of phosphorus is used in (c). 


1 It is advisable to place a layer of sand at the bottom of the jar in 
this case. 


Cup 


A 


The substance tobe burned is - 


— — 9£z: 
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The gas formed when carbon burns in oxygen is called 
* earbon dioxide, and this gas has the property of forming a 

"white insoluble substance with lime-water. The white sub- 
stance is called chalk, and the reaction serves: as a test for 
carbon dioxide. The gas A 
carbon ‘dioxide will also 
turn litmus red. Sub- 
stances whjch have this 
' effect on litmus are called 
acids. 

It has now been learnt 
that when substances burn 
in oxygen they do so more 
vigorously than in ordi- 
nary air. * The substances 
formed are called oxides. 

Now let us consider 
what happens when we 
breathe? ^ Air (one-fifth 
oxygen, four-fifths nitro- Wire 
gen) is taken into the 
lungs, and there it meets stalk 
substances containing car- Fie. 145. 3 p 16 i 
bon carried from various gerne D E 
parts of the body in the 
blood-stream. The oxygen combines with this carbon and 
forms carbon dioxide. If pure oxygen were breathed this 
process would take place far too vigorously for normal 
health, and dangerous results would follow. In cases of pneu- 
monia and other bronchial diseases, pure oxygen is sometimes 
administered to the patients. This is because it is necessary 
to bring about a rapid oxidation of the waste products that have 
accumulated to such an extent as to make breathing difficult. 


The difference between ordinary Air and respired Air—The 
following experiments will show quite clearly the difference 
between the air we breathe into, and the air we breathe out of, 
our lungs. 

Fit up a test-tube as shown in fig. 146. The test-tube 
contains lime-water. Half of the class should blow down A 


Limewater 
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in one set of test-tubes, the other half drawing air through 
B in the other set. In the first case it is the air passing out 
from the lungs which enters the lime-water, and in the second 
case it is the air entering the lungs which passes through the 
lime-water. State clearly the difference you obserye. The 
following experiment may also be used as a demonstration 
of the process of breathing. 

Two bottles containing clear lime-water are connected by 
glass tubes, as shown in fig. 147. Air is breathed in and out ` 


A 


io 


x Fic. 147. Ne 


through A. It enters the bottle X via the tube B, and the 
respired air passes into the bottle Y and escapes through the 
tube C. It is observed that the lime-water in X remains clear, 
whereas that in Y becomes white, thus indicating that carbon 
dioxide is passing out from the lungs. In addition to the 
carbon dioxide, the original nitrogen breathed in is also 
breathed out, and if breathing through the tube A takes place 
for some long time, it will be found that the gas in Y above the 
lime-water no longer supports combustion. Thus we can say 
that in the process of breathing, oxygen and nitrogen (and of 
course water vapour) are breathed into the lungs, and carbon 
dioxide, nitrogen, and water vapour are breathed out, ‘This 
process of breathing applies to all animals. Only a small 
proportion of the oxygen passing into the lungs hecomes 
carbon dioxide. 


2 
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QUESTIONS AND EXERCISES 


1. Describe experiments to show that the inner cone of the non- 
luminous flame of the Bunsen burner is (a) cold, (b) contains 
unburní gas. 

. By what experiments would you determine the hottest part 
of a Bunsen flame ? 

8. One commonly says, * Light the gas." Is this strictly 
correct ? Describe an experiment to support your state- 
ment. 

4. When a gas fire is turned low it may “light back." How 
could this be prevented ? 

5. What is meant by the term 
vapour ? 

6. Describe the principle of the miner's safety lamp. 

7. You are provided with a sample of muddy sea-water. How 
woald you obtain from it (a) some clean salt, (b) some pure 
water ? 

8. Explain why rain-water is sometimes purer than tap-water. 

9. When you buy a fresh supply of washing-soda the crystals 
are quite colourless, but in standing in the open jar in the 
house they become coated with a white powdery substance. 
Try to explain this. 

10. What is meant by “ water of crystallisation " ? How would 
you find the percentage weight of water of crystallisation 
in copper sulphate crystals ? 

11. A garden roller is 2 ft. in diameter and 30 in. wide. How 
many square feet of ground will it cover when it revolves 
28 times? (n=?) 

12. Find the cost of the gold leaf necessary to gild a sphere 7 ft. 
diameter. The leaf costs 1s. a square foot. 

18. Calculate the volume of the Great Pyramid of Gizeh in cubic 
yards. Base 756 ft. square and perpendicular height 480 ft. 

14. A sphere 2 ft. diameter is pressed into a cylinder which is 
also 2 ft. in diameter and 2 ft. high. What is the nearest 
whole number of gallons of water which can now be poured 
in? (1 eu. ft. of water weighs 1000 oz.; 1 gallon of water 
weighs 10 Ib.) 

15. A relative density bottle weighs 30:00 grm. When full of 
water it weighs 55-00 grm. When full of turpentine it 
weighs 51-25 grm. Find the relative density of turpentine. 
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16. Assuming that 1 c.c. of water weighs 1 grm. and 1 cu. ft. of o 


water weighs 62-5 Ib., fill in the blank columns below. 3 


s 


(a) (b) (c) (d) 
No.| Substance Weight. Volume. Density. Density. 
grm. ee, grm./c.c. | 1b./eu. ft. ud 
i| Aluminium 81-0 30 
ii | Lead - 45-6 4 
iii | Wood ‘ 60-0 80 
iv | Glass 27-5 11 
v|Tin. D 20 T3 
vi|Ice. z 10 0-92 
vii | Cork : 50 0-20 
vii | Gold — .| 386 | ° 1208 
ix | Iron à 77-0 481 
x| Petrol . 34.0 53 
17. Find the relative density of the following :— g^ 
Weight of Weight of 
ud A ssn bottle full of 
© Weight. lensity water with 
No. Substance grm, bottle full substance 
of water. inside. 
grm. grm. 
i | Iron filings 1:54 50-0 51-34 
ii | Copper turnings 0-89 50-0 50-79 
ii | Glass beads 1:25 50-0 50°75 
iv | Lead shot 2-85 60-0 62-60 


18. A piece of ore weighs 200 grm. in air and 150 grm. when 
totaly immersed in water. Caleulate (a) the volume of 
the ore; (b) its relative density. 

19. A piece of metal of relative density 7 weighs 35 grm. in air. 
What will it weigh in water ? 

20. A piece of copper weighs 8-8 grm. in air and 7-8 grm. in 
water. What will it weigh in methylated Spirit of density 
0-8? 

91. Explain why an egg may float in salt water 2nd yet sink 
in fresh water. = 


H 
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8 
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A beaker of water stands on the pan of aspring-balance. The 
spring-balance then reads 170 grm. A stone suspended 
by a, thread is lowered into the water until just immersed 
but not touching the bottom, and the reading of the 
balance is then 190 grm. When the stone is allowed to 
rest on the bottom of the beaker the balance reads 220 grm. 
Acéount for the variations in these readings and find the 
relative density of the stone. 


28. Describe an experiment showing therelation betweenthe weight 


30. 
31. 


ofafloating body and the weight of liquid displaced by it. 

A block of wood 100 c.c. in volume and relative density 
0-8 floats in water. What volume is immersed ? What 
weight would be necessary to push it down until just 
totally immersed ? 

Describe three experiments to show that air exerts a 
pressure. 

How would you fit up an apparatus to measure the pressure 
of the atmosphere ? How does the reading of this instru- 
ment vary (a) if taken up a mountain, (b) if taken down 
a coal mine ? 

Describe an aneroid barometer. Why is it sometimes called 
a weather-glass ? 

How would you show that approximately one-fifth of the 
volume of the air is concerned with combustion ? 

Lavoisier set out to show that when substances burned in air 
the products were heavier than tile original substance by 
exactly the weight which the air had lost. Describe care- 
fully the experiments he used to show this. 

Describe a laboratory method for the preparation of oxygen. 
What are the chief uses to which the gas is put ? 

Describe four experiments which show that oxygen is a very 
good supporter of combustion. 

What differences exist between ordinary air and respired air? 


c 


1 , d 
ANSWERS : a 

11. 440 sq. ft. 12. £7, 14s. 18. 3,386,880. 
14. 13 gallons. 15. 0-85. 
16. (c) (d) (a) (d) (b) (c) 

(i) 27 1683  (v)146 456 = (viii) 20 193 

(ii) 11-4 7125 (vi) 92 57-5 (ix) 10-0 77 

(iii) 0-75 468 (vii) 10 125 (x) 40-0 0-85 


(iv) 2-5 156-25 
17. (i) 7-7; (ii) 8-9 (iii) 2-5; (iv) 11-4. 
18. (a) 50 c.c.; (b) 4. 19. 30 grm. 20. 8-0 grm. 22, 2-5. 
23. 80 c.c. 20 grm. j 
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` INDEX 


Acids, 129. 

Air, burning in coal-gas, 5; chem- 
„istry of, 121-130 ; composition 
of, 123; pressure, 110, 111; 
regulator, 3,9 ; respiration,129, 

Airships, 73. 

Altimeter, 116. 

Aneroid, 114. 

Animals, breathing of, 131. 

Archimedes, Principle of, 65. 

Area, circle,,46 ; irregular figure, 
43, 44;  parallelogram, 40; 
rectangle, 39 ; surface of sphere, 
54; trapezium, 43; triangle, 42. 

Artesian wells, 100. 


Balloons, 72, 73. 

Barometer, 112; aneroid, 114; 
Fortin's, 114 ; siphon, 113. 

Bell-jar, 121. 

Boiling-point and pressure, 89. 

Breathing, 129, 130. 

Bucket, self-filling, 99. 

Bunsen burner, 2-12;  incan- 
descent, 11 ; lighting back, 5. 

Buoyancy, 62, 63. 

Burning, air in coal-gas, 4; coal- 
gas in air, 4 ; in air, 121. 


Calipers, 35. 

Calormeter, 77. 

Carbon dioxide, 129, 130. 

Chain, 26. 

Compound bar, 77. 

Condenser, Liebig's, 18. 

Cone, inner, 4; outer, 4. 

Crystallisation, 18, 19, 22; water 
of, 22, 24. 

Crystals, experiments, 18, 22 ; for- 
mation of, 24; metal, 24; 
natural, 23. 


Davy's safety lamp, 7. 
Density, 59; and pressure, 103, 
105; relative, 66,67. œ 


Ell, 26. 

Evaporation, 16, 19. 

Expansion, applications, 81-85; 
forces exerted, 76; gases, 79, 
80; liquids, 78; solids, 75, 76 ; 
water on freezing, 95, 96. 


Filtration, 16, 20. 

Fixed points, 87. 

Flame, Bunsen, 3; hottest part, 
4; ignition point, 5; lighting 
back, 5; luminous, 3; non- 
luminous, 3. 

Floating bodies, 69. 

Flotation, 69. 

Fortin's barometer, 114. 

Fountain pen, 116. 

Furlong, 26. 


Gas, cooker, 8; fire, 8; meter, 11; 
mantle, 12. 

Gauze, 'wire, 6; effect on flame. 
6, 12. 

Glass tube, breaking, 13; pulling 
out, 13. 

Graduated cylinder, 49. 


Hare's apparatus, 105. 
Helium in balloons, 74. 
Hope's apparatus, 95. 
Hot-water supply, 99. 
Hydraulic pressure, 104. 
Hydrogen in balloons, 74. 
Hydrometers, 70. 
Hydrostatic paradox, 103. 
Hypsometer, 90. 


Ignition point, 5, 6. 
Inch, 26. 
Invisible ink, 22. 


Lactometer, 71. 
Lamp, safety, 7. 
Lavoisier, 123. 
Leather machine, 45. 
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Length, 25-28 ; standards, 26, 27. 
Levelling, 99. 

Lighting back, 5, 6. 

Liquids, 78. 

Litre flask, 49. 


Measurement of length, 28; of 
curved lines, 32 ; of wire, 37. 
Measures, area, 39, 40; length, 

28; volume, 48. 
Meniscus, 50. 
Meter, gas, 11. 
Metre, 27. 
Microscope, 24. 
Mid-ordinate, 44. 
Mile, 26. 


Nitrogen, 123. 


Opisometer, 32. 
Ordnance Maps, 33. 
Oxides, 129. 

Oxygen, 123, 127-129. 


Pascal's principle, 104. 

Perch, 26. 

Petrol gauge, 111; stove, 9. 

Piccard and Kipfer, 116. 

Pipette, 57. 

Plimsoll line, 69. o 

Pressure, atmosphere, 108-120; 
density, 103; depth, 102; in 
liquids, 98; thrust, 106 ; trans- 
mission, 104. 

Pump, lift, 117 ; force, 118. 


Railway lines, 81. 
Regulo, 83. 

Relative density, 59-60. 
Respiration, 129-130. 
Rod, 26. 
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Safety lamp, 7. ! 

Salt, common, 20. ' 

Saltness of sea, 19. 

Saturated solution, 18. 

Screw-gauge, 37. 

Singing of kettle, 96. 

Solution, saturated, 18 ; of grease, 
20. 

Steam pipes, 82. 

Steel spring, 55. 

Submarine, 72. 

Sucker, 109. 

Syringe, 108. 


Temperature, 86; of atmosphere, 
115. 

Thermometers, 86-88; clinical, 
93: fixed points, 87; history, 
94; maximum, 92, minimum, 
91; testing, 87-88. 

Thermostats, 83, 85. 

Thrust, 102, 106. 

Tie rods, 82. 

‘Tramway lines, 83. 


Upthrust of liquid, 65. 


Ventilation, 9, 10. 

Vernier, 34; calipers, 35. 

Volume, 48-58; of cone, 53; of 
cylinder, 52; of prism, 51; of 
pyramid, 52 ; of sphere, 53, 54 ; 
standard, 58. 


Wash bottle, 15. 

Water, expansion of, 96; supply, 
20-22, 99; test for, 22. 

Weather forecasting, 116. 

West's apparatus, 63. 


Yard, 26. 
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